THE  JOURNAL  OF  GENERAL  CHEMISTRY  OF  THE  U.S.S.R, 


Volume  XXV,  No.  2 
February,  1955 


(A  Publication  of  the  Academy  of  Sciences  of  the  U.S.S.R.) 


IN  ENGLISH  TRANSLATION 


BEST  COPY  AVAILABLE 

Copyright.  1955 

CONSULTANTS  BUREAU 

152  West  42nd  Street 
New  York  36.  N.  Y. 


Printed  in  the  United  States  Annual  subscription  $95.00 

Single  issue  20.00 

Note:  The  sale  of  photostatic  copies  of  any  portion  of  this  copyright  translation  is  expressly  prohibited  by  the 
copyright  owners,  A  complete  copy  of  any  article  in  this  issue  may  be  purchased  from  the  publisher  for  $7. 50. 


DETERMINATION  OF  THE  INSTABILITY  CONSTANTS  OF  INDIVIDUAL  COMPLEXES 
BY  THE  METHOD  OF  DISPLACED  EQUILIBRIUM 

B.  V.  Ptitsyn  and  L.  I.  Vinogradova 


The  instability  constant  seems  to  be  the  most  important  thermodynamic  characteristic  of  complex  compounds. 
Methods  for  determining  it,  of  which  a  rather  large  number  are  known,  may  be  divided  into  two  groups.  To  the 
first  group  belong  methods  which  are  based  on  a  study  of  the  equilibrium  of  the  secondary  dissociation  of  the  indivi¬ 
dual  complex,  and  to  the  second  group  belong  methods  which  are  based  on  a  study  of  the  process  of  formation  of 
the  complex  compound  in  solution. 

A  rather  complete  survey  of  methods  for  determining  instability  constants,  and  a  comparison  of  their  merits 
was  given  by  K.  B.  Yatsimirsky  [1]. 

All  the  methods  of  the  first  group  are  based  almost  exclusively  on  the  study  of  the  non-displaced  dissociation 
equilibrium  of  the  complex.  Their  applicability  is  limited,  because  only  a  few  methods  are  known,  by  which  it 
should  be  jwssible,  without  displacing  the  equilibrium  of  the  complex,  to  determine  the  equilibrium  activities  of 
the  metal  ions  and  their  addends. 

It  should  be  pointed  out  that  K.  B.  Yatsimirsky  [1]  indicated  the  possibility  of  determining  the  stability  of 
a  complex  compound  by  studying  the  displaced  equilibrium  of  its  dissociation,  occurring  during  the  process  of 
dissolving  the  complex  compound  in  the  presence^of  the  addend.  Strictly  speaking,  this  method  is  used  only  for 
slightly  soluble  complex  compounds. 

The  methods  of  the  second  group  have  a  considerably  larger  area  of  applicability,  and  it  is  with  these, 
chiefly,  that  we  are  concerned  at  present.  However,  they  give  reliable  results  only  in  cases  where  the  composi¬ 
tion  of  the  complex  forming  is  already  known,  or  may  be  accurately  determined.  It  is  unfortunate  that  this  is 
not  always  possible  and,  as  justifiably  indicated  by  K.  B.  Yatsimirsky  [1],  special  difficulties  arise  in  cases  where 
several  complex  compounds  form  in  a  solution.  In  view  of  this,  it  seems  to  us  that,  other  conditions  being  equal, 
a  method  based  on  a  study  of  the  equilibrium  of  dissociation  of  the  individual  complex,  would  always  be  preferable. 

It  is  known  that  the  process  of  secondary  dissociation  of  a  complex  introduces  a  solvation  equilibrium,  the 
constant  of  which  is  also  called  the  Instability  constant.  The  value  of  the  Instability  constant  found  experimentally 
in  a  given  solvent  will,  obviously,  be  the  ratio  of  the  instability  constant  of  the  given  complex  and  the  instability 
constant  of  the  corresponding  solvo-complex.  The  actual  instability  constant,  characterizing  the  energies  of 
bonding  of  the  addends  to  thecaitral  atom,  will  be  the  equilibrium  constant  of  the  dissociation  of  the  complex 
molecules  to  the  gaseous  state. 

A.  K.  Babko  [2],  and  after  him,  A.  A.  Grinberg  and  L.  E.  Nikolskaya  [31  pointed  out  analogies  between  the 
dissociation  of  weak  polybasic  acids  and  complex  compounds,  as  a  result  of  the  high  field  forces  existing  in  the 
molecules  of  both  types  of  compounds. 

Such  analogies,  undoubtedly,  do  exist,  but  it  seems  to  us  that  the  analogy  of  the  dissociation  of  weak, 
polyatomic  bases  and  complex  compounds  holds  to  a  much  greater  degree,  because  their  composition  and  proper¬ 
ties  are  very  similar.  Analogies  between  the  basestand  complex  compounds  should  occasion  no  surprise,  as  the 
OH~  ion  does  not  differ  essentially  from  other  negative  ions.  Actually,  by  comparing  the  polarizabilities  of  OH“ 
ions  and  halide  ions,  we  obtain  the  following: 

F~  OH“  Cl“ 

polarizability  according  to  Fajans  [4]  0.96  1.88  3.57. 
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According  to  its  electronic  structure,  the  OH~  ion  appears  to  be  an  analog  of  the  F~  ion  [5,  6].  Thus,  the 
tendency  of  the  OH~  ion  toward  complex  formation  should  be  greater  than  for  F~,  and  smaller  than  for  Cl  .  The 
reducing  properties  of  OH~  ion,  which, according  to  A.  A,  Grinberg  [7],  are  characterized  by  a  tendency  toward 
complex  formation,  do  not  contradict  this  conclusion,  because,  according  to  the  magnitudes  of  the  oxidation  po¬ 
tentials,  free  hydroxyl  occupies  a  position  between  fluorine  and  chlorine,  and  consequently,  the  reducing  proper¬ 
ties  of  OH~  should  be  greater  than  those  of  F”  and  less  than  those  of  Cl“. 

The  analogy  of  weak  bases  and  complex  compounds  is  reflected  also  in  the  mechanism  of  their  dissociation. 

The  formation  of  OH~  ions  in  solutions  of  metal  hydroxides,  which  are  weak  bases,  is  similar  also  to  the  case 
of  solutions  containing  hydroxyl  ions,  where  the  solutions  differ  from  the  molecules  of  weak  bases  only  by  the  pre¬ 
sence  of  charges,  thus  accounting  for  the  addition  of  H'*’  ions  to  the  OH~  coordination  groups,  the  bonds  of  which,  in 
the  molecule,  approach  the  covalent. 

Strong  bases  of  the  MeOH  type  dissociate  in  the  same  way  as  do  halides  of  the  MeX  type,  because  the  OH” 
and  X~  bond  in  these  molecules  approaches  the  ionic,  and  their  crystalline  structures  are  similar.  Since  any  nega¬ 
tive  group,  free  or  complex -combined,  has  the  capacity  to  add  protons,  the  dissociation  of  complex  molecules, 
the  addends  of  which  are  strong  bases,  also  should  proceed  by  addition  of  H  to  the  coordinated  addend,  with  sub¬ 
sequent  displacement  of  the  water  of  the  addition  product. 

The  foregoing  may  be  illustrated  by  the  following  equations: 

The  dissociation  of  a  weak  base  proceeds  as  follows: 

[Me(OH)a]  +  HOH  =5=*=  [Me(0H)2H20]'  +  OH'. 

The  dissociation  of  the  hydroxyl  ions  proceeds  as  follows: 


[Me(OH^rj4jOH 


[MefOHjbHzOf  +  OH'. 


The  dissociation  of  the  acido-complex  ions  proceeds  as  follows; 


[MeXgr  +  HOH  [MeXgHXr  +  OH*, 

[MeXgHX]"  +  H2O  [MeX6H20r  +  HX. 

HX  +  OH»«;==s^X'  +  1^0, 

Over  all,  the  following  proceeds: 

[MeXer  +  H20=^  [MeX5H20r  +  X'. 

Hydroxy-complexes  differ  from  other  aci do- complexes  only  in  that  the  OH~  ion,  in  comparison  with  other 
negative  ions,  has  the  greatest  affinity  for  protons,  which,  together  with  the  low  solubilities  of  the  weak  bases,  is 
the  cause  of  the  lower  stability  of  the  hydroxyl  ions  and  of  their  capacity  for  being  converted  to  neutral  molecules 
of  the  base  by  yielding  water.  Proceeding  from  these  ideas,  we  may  arrive  at  the  conclusion  that  the  dissociation 
constants  of  weak  bases  are  values  analogous^  formally  and  by  nature,  to  the  instability  constants  of  complex  com¬ 
pounds  and  consequently,  the  methods  for  determining  both  constants  also  should  be  analogous. 

The  insubility  constants  of  complex  molecules  may  be  determined  by  studying  the  interaction  of  these 
molecules  with  ions  which  produce  a  displacement  of  the  equilibrium  of  their  secondary  dissociations.  Forrexam- 
ple,  for  complex  anions  of  the  [MeA^J"  type,  we  can  have  the  equilibrium: 

[MeA«r  +  6H2O  +  6R*  [Me(H20)fc]''*  +  6RA. 

where  R*  is  the  cation,  forming  with  the  addend  A  either  a  slightly  soluble,  or  a  little -dissociated  compound.  The 
second  method  for  determining  the  instability  constant  comprises  ■  a  study  of  the  process  of  formation  of  the  com¬ 
plex,  i.e.,  a  study  of  the  equilibrium: 

[Me(H20:^]*"  +  6RA  ^5=*=^  [MeA*r  +  6H2O  +  6R*. 

This  method  has  been  known  a  long  time  and  at  present  has  an  enormous  literature.  It  is  understood  that  it 
may  be  used  only  when  the  composition  of  the  complex  forming  is  accurately  known.  Its  theory  was  developed 
recently,  chiefly  by  A,  K.  Babko  and  1.  V.  Tananaev. 

In  essence,  the  method  for  determining  the  instability  constant  of  an  individual  complex  is  as  follows. 

Let  IB  consider  the  case  of  the  interaction  of  a  complex  anion  of  die  [MeAg]"  type,  with  an  ion  forming 
subtly  soluble  compounds  with  its  addend,  for  example,  Ag'  ion. 


If  we  add  X  g-ions  of  Ag,  where  x  =  1,  2,  3,  4,  5,  6,  to  a  solution  of  C  moles  of  the  complex,  the  following 
equilibtium  is  created: 


+  X  Ag  A. 

i 


[MeA«r  +  X  Ag*  +  X  H2O  [MeA«_x  (H20)x]**"* 

^quil.  C*  equii. 

The  constant  for  this  equilibrium  depends  on  the  corresponding  instability  constant  of  the  complex  and  on 
the  solubility  product  of  AgA,  i.e.,  the  distribution  of  A~  ions  between  the  complex  and  the  precipiute,  depends 
on  the  instability  constant  of  the  complex  and  the  solubility  product  of  the  precipitate. 

Qquil.  [Ag-f  • 

K  •  = 

^equil. 

K'^AgA 

Let  us  substitute  [Ag'f'  =  ~rTVnX  '  •  where  is  the  solubility  product  of  AgA. 


(1) 


(2) 


^quil. 


-  ^'equil. 


hence 


Kv  = 


^equil.  ^^gA  ^AgA 
^‘equil.  i^^gA 


(3) 


^equil.  [Ag  ]* 

By  Cequil.  C’^quy,  we  express  the  initial  concentration  of  the  complex  C,  and  we  express  die  equili¬ 
brium  concentration  of  the  Ag’  ions  by  [Ag*].  If  we  add  jcC  g-ions  of  Ag’,  then  3(C“[Ag’]  g-ions  of  Ag’  enter 
into  reaction;  consequently: 

(xC-[Ag’])K^gA 

'‘X 


n’  xC-[Ag]  ,  [Ag]  -n-n’ 

C  equil.  -  -  C  *  °  '•  *^equil.  -  C  C  equil.  " 


lAgl 


Kv  = 


[Ag’]x  +  i 


When  X  =  1,  we  obtain  an  expression  for  the  first  instability  constant,  and  when  x  =  2,  we  obtain  an  expres¬ 
sion  for  the  product  of  the  first  and  second  constants,  etc.. 


For  X  =  6,  we  obtain  an  expression  for  the  overall  instability  constant: 

-  (xC-EAg’pK^gA 
[Ag’f  * 
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Repeated  use  of  the  second  method  ~  study  of  die  solubility  of  AgA  in  a  solution  of  the  metal  salt  —  led  us 
by  analogous  reasoning  to  an  identical  expression  for  the  overall  insubility  constant. 

As  early  as  1936,  A.  K.  Babko  [2]  in  his  work  on  the  mechanism  of  formation  of  complex  compounds  and 
their  stepwise  dissociation,  calculated  the  successive  instability  constants  of  the  oxalate  complexes  of  Al,  proceed¬ 
ing  from  the  results  of  the  determination  of  the  solubility  of  Ag2C204  in  solutions  of  Al(NO^)3. 

In  very  considerable  number  of  subsequent  works,  A.  K.  Babko,  with  K.  E.  Kleiner  [8],  M.  V.  Korotun  [9X 
T.  N.  Rlchkov  [10]  and  others,  sighificantly  developed  and  proved  this  method.  This  method  was  used  by  I.  V, 
Tananaev,  together  with  I.  B.  ^izetskaya  and  A.  D.  Vinogradova  [11],  E.  N.  Deichman  [12,  13]  and  others,  in 
a  series  of  investigations  devoted  to  studies  of  the  solubility  of  precipitates  in  complex  (real)  analytical  systems. 

In  1939,  L  V.  Tananaev  [14]  proposed  the  following  formula  for  calculation  of  the  instability  consunt  for 
the  A1F2^  ion: 

[CAl(NP,)s-(Ca*‘^)] 

KAIF2+  =  ^ 

which  is  entirely  analogous  to  the  formula  that  we  presented  for  the  first  instability  constant: 

_  (C'“[Ag'3)KAgA 


K,  = 


[Ag 


•  The  X  th  instability  constant. 
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As  alieady  pointed  out,  the  second  method  is  used  only  when  we  knowithe  composition  of  the  complexes 
forming,  and  this  is  certainly  not  always  the  case,  since  during  the  processes  of  reaction  of  the  complexes  forming, 
during  the  dissolving  of  the  AgA  precipitate  in  a  solution  of  the  metal  salt,  as  a  rule,  a  whole  series  of  intermediate 
complex  molecules  form,  so  that  the  calculation  of  an  instability  constant,  which  is  necessarily  that  of  a  specific 
complex  compound,  becomes  extremely  difficult.  The  first  method  is  free  from  these  deficiencies,  since  there  we 
are  dealing,  not  with  the  step-wise  formation  of  complex  compounds cf  different  compositions,  but  with  formation  of 
different  products  of  a  step-wise  dissociation  of  a  complex  compound  of  a  definite  composition,  i.e.,  with  a  definite 
process,  which  determines  the  instability  constant  of  the  complex  compound  studied. 

It  seems  to  us  that  a  combination  of  both  of  these  methods  may,  in  a  number  of  cases,  lead  to  very  interes¬ 
ting  results. 

Let  us  now  consider  the  interaction  of  a  complex  compound  of  the  [MeAj]"  type  with  ions  —  H'  ions  to  begin 
with  —  forming  a  slightly  dissociated  compound  with  the  addend. 

If,  as  in  the  first  case,  we  add  x  g-ions  of  H‘,  where  x  =  1,  2,  3,  4,  5,  6,  to  a  solution  of  C  moles  of  the  com¬ 
plex,  then 

[MeAer  +  xH’  +  XH2O  [MeA*_x  (HjO)x]*~*  +  xHA. 

Cequil.  C'equil. 

In  a  similar  way,  we  find  that  tie  equilibrium  constant  for  this  process  is 

V  Kx 

*'equil.  “  ifX  . ,  • 

^  acid 

where  is  the  x  th  instability  constant,  and  K^cid.  acidity  ctmstant  of  the  weak  acid  HA. 

Hence 

C'equil. 

"  Cequil.  [H'f 

Substituting,  as  in  the  first  case,  Cequil.  C*equil.  by  the  initial  concentration  of  the  complex  and  the 
equilibrium  concentration  of  H*,  and  recalling  that  according  to  the  equation  of  the  reaction,  [HA]  =  xC'equll.i 
we  obtain  in  final  form 


(xC-[H-])'‘'"^K\cid. 


For  X  =  1,  we  obtain  the  expression  for  the  first,  and  for  x  =  6  we  obuin  the  expression  for  the  overall  in¬ 
stability  constant. 

A  reverse  method,  i.e.,  a  study  of  the  interaction  of  metal  ions  with  molecules  of  a  weak  acid,  accom¬ 
panied  by  liberation  of  an  qqual  quantity  of  H*  ions,  has  been  repeatedly  used  in  the  works  of  I.  V.  Tananaev. 

I.  V.  Tananaev  and  E.  N.  Deichman  [12]  studied  the  equilibrium 

Be*"^  +  HF  5F=ss  BeF+  +  H+. 

The  data  obtained  were  used  by  the  authors  for  determining  the  composition  of  a  complex  forming  in  solu¬ 
tion. 

Proceeding  from  the  pH  of  the  solution  measured  by  the  authors,  the  instability  constant  for  the  BeF'*'  ion 
was  calculated  as  equal  to  2.4*  10~^  This  value  agrees  practically  with  the  value  of  the  same  consunt  found  by 
I.  V.  Tajianaev  and  E.  N.  Deichman  [13]  for  the  solubility  of  PbFCl  in  Be(NC)3)2  solution,  and  found  to  equal 
5.1-10'®. 

A.  K.  Babko  and  K.  E.  Kleiner  [8]  studied  the  equilibrium 

Fe(SCNf'*‘  +  nF“  =?=fe  FeFi?"“^  +  SCN“. 

It  is  obvious  from  what  has  been  said  above  that  this  equilibrium  is  essentially  analogous  to  the  equilibrium 
arising  during  the  process  of  complex  formation  according  to  the  reaction 

Me?'^  +  HA  ^  MeA*"^  +  H+ 

where  HA  is  a  molecule  of  a  weak  acid. 
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On  the  basis  of  the  data  obtained,  the  authors  determined  die  instability  constants  for  the  thiocyanate  and 
fluoride  complexes  of  iron. 

The  resultant  equations  obviously  give  the  values  of  the  concentration  instability  constant. 

Calculation  of  the  thermodynamic  instability  constant  may  be  carried  out  by  two  methods.  In  the  first, 
knowing  the  ionic  strengths  of  the  solution  and  the  activity  coefficients  of  the  ions  participating  in  the  equilibrium, 
we  may  determine  the  activities  of  these  ions  directly,  and  thereby  the  thermodynamic  instability  constant.  This 
method,  however,  is  difficult  to  use,  since  the  activity  coefficients  of  the  complex  ions  are  known  at  the  present 
time  in  very  few  cases. 

We  can  determine  the  concentration  instability  constants  for  several  solutions  having  different  ionic  strengths, 
construct  a  graph  relating  the  instability  constants  to  the  square  roots  of  the  ionic  strengths,  and  extrapolate  to  an 
ionic  strength  equal  to  zero,  to  determine  the  thermodynamic  insubility  constant.  In  this  case,  we  substitute  into 
the  equation,  not  the  thermodynamic  value  of  the  solubility  product,  but  the  experimentally  determined  value  of 
the  solubility  product  for  a  given  ionic  strength. 

The  feasibility  of  determining,  by  this  method,  the  successive  instability  constants,  corresponding  to  the 
different  stages  of  dissociation  of  the  complex  particles.  wUl  obviously  be  determined  by  how  much  these  constants 
differ  from  each  other.  The  given  case  will  be  governed  by  the  requirement  known  for  polybasic  acids,  that  the 
two  successive  constants  differ  from  each  other  by  a  factor  of  10®  at  least. 

It  is  quite  obvious  that  reactions  involving  interactions  of  complex  ions  either  with  Ag*  or  H’  ions  may  also 
be  studied  by  potentiometric  titration  using  silver  or  hydrogen  electrodes. 

When  the  successive  instability  constants  are  sufficiently  different  from  each  other,  and  their  absolute  values 
are  sufficiently  great,  and  when  the  equilibrium  in  the  system  is  not  established  too  slowly,  then  on  the  potentio¬ 
metric  titration  curve  we  may  expect  the  appearance  of  several  rapid  changes  of  potential  ccvresponding  to  different 
stages  of  dissociation  of  the  complex  molecules. 

Since  the  metallic  hydroxyl- compounds  do  not  differ  essentially  from  other  acidorcomplexes,  it  follows 
that  the  potentiometric  titration  of  polyacid  bases  by  strong  acids  represents  a  special  case  in  the  study  of  the  equi¬ 
librium  of  a  complex  molecule  with  the  H'  ion.  The  reaction  of  complex  molecules  with  Ag'  ions,  as  was  shown,  . 
follows  the  same  mechanism  as  for  H'  ions.  It  should  be  pointed  out  that,  from  the  pointiof  view  of  the  theory  of 
M.  I.  Usanovich  [15],  according  to  which  acids  seem  to  be  substances  giving  up  cations  or  adding  anions,  and  bases 
seem  to  be  substances  giving  up  anions  or  adding  cations,  the  reaction  of  a  complex  molecule  with  AgNO^  is  an 
acid-base  reaction,  in  which  the  AgNOj  is,  according  to  M.  I.  Usanovich,  called  the  acid,  and  the  complex  mole¬ 
cule  is  designated  as  the  base. 

When  the  complex  studied  is  not  too  stable,  and  when  the  addend  is  a  sufficiently  strong  base,  the  insta¬ 
bility  constant  may  be  determined  by  the  simple  method  of  measuring  the  pH  of  the  solutions,  i.e.,  it  is  analogous 
to  die  method  of  Bjerrum  [16]  for  the  ammoniates  and  amines. 

The  proposed  method  may  be  used  if  the  following  conditions  are  present.  In  a  determination  of  insubility 
consunt  by  the  equilibrium  of  a  complex  ion  with  Ag'  ions,  it  is  esstntial  that  the  solubility  of  the  AgsfMeA*.] 
salt  be  larger  than  the  solubility  of  AgA,  i.e.,  that  the  Ag'  ions  be  bound  only  by  A*  ions.  In  order  to  study  equi¬ 
libria  with  H'  ioiu,  the  final  acidity  consunt  of  the  complex  acid  HsfMeA*],  should  be  much  larger  than  the  acid¬ 
ity  consunt  of  HA,  so  that  the  interaction  of  the  H'  ions  with  the  complex  ion  [MeAgJ“  may  be  ne^ected. 

The  method  described  permits  the  determination  of  the  insubility  constants  of  all  acido-complex  compounds, 
the  addends  of  which  either  form  dlfficultly-soluble  compounds  with  various  cations,  or  are  strong  bases.  Under  this 
category  may  come  the  complex  halides,  cyanides,  thiocyanides,  oxalates,  carbonates,  chromates,  sulfates,  borates, 
acetates,  etc.,  i.e,,  with  few  exce]>tions,  it  includes  almost  all  of  the  acido-complexes. 

Therefore,  it  seems  to  us  that,  given  the  necessary  conditions,  the  method  of  determining  the  instability 
consunt  by  the  displaced  equilibrium  of  the  secondary  dissociation  of  the  individual  complexes  may  acquire  a 
universal  character,  especially  when  it  is  recalled  that  this  method  can  be  used  to  determine  the  iriiubility  con- 
sunts  of  both  slightly  suble  and  very  suble  complexes. 

SUMMARY 

A  method  has  been  proposed  for  determining  the  insubility  consunt  of  an  individuil  complex,  based  on  a 
study  of  the  displaced  equilibrium  of  its  secondary  dissociation,  during  interaction  with  ions  causing  the  formation 
of  difficultly  soluble  or  slightly  dissociated  compounds  (Ag'  and  H'  ions).  The  method  is  applicable  to  all  acido- 
complexes,  the  addends  of  which  give  difficultly  soluble  compounds  or  are  strong  bases.  The  theory  of  the  method 
has  been  set  forth,  and  the  conditions  of  its  use  specified. 
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THE  HEAT  OF  FORMATION  OF  NICKEL  CARBONYL 


E.  I.  Smagina  and  B.  F.  Ormont 


In  spite  of  the  great  theoretical  and  practical  interest  attributed  to  the  metal  carbonyls,  their  thermochemis*- 
try  has  been  extremely  little<  studied.  Only  a  few  references  in  the  literature  refer  to  values  of  the  heats  of  forma¬ 
tion  of  some  of  the  carbonyls,  particularly,  nickel  carbonyl. 

Thus,  Mittasch  [1]  showed  that  the  heat  of  formation  of  nickel  carbonyl  at  constant  pressure  amounted  to 
43.36  kcal  per  mole.  In  the  same  report,  Mittasch  refened  to  the  investigations  of  Raikher  (1896),  from  which  it 
followed  that  the  heat  of  formation  of  Ni(CC)4  was  equal  to  59.5  kcal  per  mole.  Thus,  the  data  in  the  literature 
are  hi^ly  divergent. 

Ormont  [2]  in  1946,  in  reports  devoted  to  the  problem  of  the  critical  heats  of  formation  of  caibonyl  compounds, 
pointed  out  a  series  of  erroneous  conclusions  of  foreign  investigators  in  the  evaluation  of  the  thermodynamic  sta¬ 
bility  of  the  carbonyls  and  their  derivatives.  In  this  light,  it  seemed  to  us  important  to  obtain  a  clearer  picture  of 
carbonyl  combustion  so  as  to  determine  its  thermal  effect  and  clarify  the  degree  of  uniformity  of  the  diermal  effects 
of  carbonyl  formation. 

In  this  article  we  report  some  of  the  results  of  the  work  carried  out  for  determination  of  the  heats  of  forma¬ 
tion  of  nickel  carbonyl; 


EXPERIMENTAL 

Method  of  Combustion  of  Nickel  Carbonyl 

In  none  of  the  works  cited  above,  where  values  of  the  heat  of  formation  of  nickel  carbonyl  were  given,  were 
methods  of  combustion  given.  Meanwhile,  nickel  carbonyl  has  many  inherent  properties  that  make  it  a  very  diffi¬ 
cult  object  of  investigation.  It  has  a  very  high  vapor  tension  (at  24*  C,  P  =  349  mm  [3]),  and  consequently,  a 
weighed  sample  of  it  must  be  protected  from  evaporation  up  to  the  moment  of  combustion.  Furthermore,  nickel 
carbonyl  decomposes  on  standing;  consequently,  before  combustion  the  substance  must  be  distilled  without  decom¬ 
position.  in  order  to  avoid  carrying  out  the  experiment  with  nickel  carbonyl  containing  finely-dispersed  nickel  in 
a  suspended  condition.  The  carbonyl  ignites  spontaneously  in  oxygen  at  room  temperature,  and  at  elevated  pres¬ 
sures  the  process  proceeds  explosively.  This  makes  the  assembly  of  a  calorimetric  apparatus  difficult. 

In  spite  of  the  very  active  interaction  of  Ni(CO)4  with  oxygen  after  combustion,  we  observed  an  extremely 
curious  phenomenon:  on  the  walls  of  the  small  cup  in  which  the  nickel  carbonyl  was  placed,  a  metallic  film  was 
observed.  It  was  found  to  ccuisist  of  almost  95<|!()  pure  nickel. 

Hence,  we  came  to  the  conclusion  that  during  the  combustion  of  nickel  carboiyL  part  of  the  carbonyl  de¬ 
composed,  because  of  the  heat  from  the  reaction,  thus  liberating  the  dense  metal.  Under  these  conditions,  the 
usual  method  of  combustion  in  an  open  cup  did  not  give  reliable  results,  but  led  to  a  number  of  complications. 

Due  to  the  foregoing,  we  found  it  expedient  to  place  the  carbonyl  in  a  sealed  ampoule,  in  order  to  avoid 
loss  at  weighing  and  by  explosion  with  the  oxygen  entering  the  bomb.  In  the  operation  using  the  ampoule,  we  also 
found  an  inaccuracy,  caused  by  the  partial  vaporization  of  the  Ni(CO)4  within  the  bomb,  and  the  partidp  ation  of 
not  only  liquid  carbonyl,  but  also  gaseous  carbonyl,  in  the  reaction.  However,  since  the  error  due  to  the  latent 
heat  of  vaporization  per  g  of  Ni(CO)4  might  amount  to  a  total  of  40  cal  (which  is  cimsiderably  less  than  the  accuracy 
of  die  experiment),  the  elimination  of  this  e^or  was  of  little  practical  value.  For  this  or  other  reasons,andt^  sealing 
the  carbonyl  in  an  ampoule  of  25  ml  capacity,  we  reduced  practical^  to  zero  the  error  due  to  the  partial  prelimin¬ 
ary  vaporization  of  the  nickel  carbon  yl. 

Preparation  of  the  weighed  sample.  A  glass  ampoule  was  weighed,  filled  with  an  inert  gas,  and  placed  in 
a  brass  sleeve  and  cooled  by  liquid  nitrogen.  Then  into  the  ampoule  we  introduced  the  necessary  amount  of  freshly^ 
distilled  nickel  carbonyl,  which  was  then  cooled  and  frozen.  The  ampoule  was  resoldered  and  both  parts  of  it  were 
weighed.  This  made  it  possible  to  determine  the  weight  of  the  carbonyl  sealed  in  the  ampoule.  The  total  loss  of 
weight  of  the  glass  on  resoldering  was  determined,  and  amounted  to  0.0001  g. 


Conditions  of  combustion.  The  ampoule  was  placed  in  a  bomb,  and  after  filling  the  latter  with  oxygen,  the 
ampoule  was  opened. 

The  explosion  of  the  ampoule  brought  about  a  passage  of  cunent  through  the  platinum  wire  (0.3  mm  dia¬ 
meter)  soldered  along  the  perimeter  of  the  ampoule.  Taking  into  account  the  large  value  of  the  Joule  effect  in 
the  total  heat  effect,  an  accurate  measurement  of  the  current  strength,  voltage,  and  also  a  reading  of  the  time  of 
passing  of  the  current  through  the  ampoule,  were  provided  for. 

Method  of  Analysis  of  the  Nickel  Carbonyl  and  Its  Combustion  Products 

The  method  of  analysis  was  based  on  the  fact  that  the  decomposition  of  nickel  carbonyl  by  solutions  of  Br 
in  CCI4,  with  formation  of  NiBtj,  proceeds  quantitatively  in  a  short  time  (Dewar  and  Jones  [4]);  thus,  we  have 
specific  conditions  for  carrying  out  the  analysis. 

1.  Method  of  analysis  of  Nl(CO)4  for  nickel  content.  The  weighed  sample  of  nickel  carbonyl.  Into  a  conical 
flask  of  250  ml  capacity,  we  poured  30-40ml  of  carbon  tetrachloride,  after  which  the  flask  was  tightly  closed  and 
weighed  on  an  analytical  balance.  Them  about  500  mg  of  freshly  distilled  nickel  carbtmyl  was  poured  into  the  flask. 
The  flask  was  tightly  closed  and  weighed  again.  The  weight  of  the  carbonyl  to  be  used  for  the  decomposition  was 
determined  by  difference. 

Decomposition  of  the  nickel  carbonyl  by  bromine.  The  flask  containing  the  carbonyl  in  CCI4  was  placed  on 
ice.  Through  the  stopper  of  the  tightly  closed  flask,  was  inserted  a  dropping  funnel  of  100  ml  capacity,  in  which 
was  placed  a  solution  of  about  50  ml  of  bromine  in  10  ml  of  CCI4.  This  solution  was  gradually  introduced  into  the 
flask. 


The  carbonyl  was  decomposed  at  a  rate  which  was  easily  regulated  by  control  of  temperature  and  the  rate 
of  flow  of  the  bromine  solution.  The  liberated  carbon  monoxide  which  might  contain  carbonyl  vapor  was  exhausted 
as  small  bubbles  through  a  separatory  funnel,  to  avoid  losses  and  to  permit  the  carbcmyl  vapor  to  react  with  the  bro¬ 
mine  solution. 

Determination  of  nickel  in  the  solution  after  bromination.  When  decomposition  was  complete,  all  the  solu¬ 
tion  of  bromine  in  CCI4  was  dropped  into  the  flask,  100  ml  distilled  water  was  added  and  the  total  contents  heated 
until  the  bromine  vapor  was  removed.  Simultaneously,  the  CCI4  also  was  vaporized,  since  the  bath  temperature 
was  maintained  such  that  continuous,  but  not  vigorous  boiling  of  CCI4  occurred.  The  remaining  greenish  solution 
was  cooled  to  room  temperature,  poured  into  a  200-250  ml  volumetric  flask  and  diluted  to  the  mark.  Nickel  was 
determined  by  the  Chugaev  method. 

2.  Results  of  the  determination  of  the  nickel  in  the  carbonyl.  The  results  of  determining  nickel  in  the  car¬ 
bonyl  are  presented  in  Table  1  6he  theoretical  content  of  nickel  in  Ni(CO)4  was  equal  to  34.38<7d). 


TABLE  1 


Expt. 

No. 

Carbonyl 
taken  (g) 

Nickel  content 

PBlBli 

in  the  precipitate 
obtained 

found 

m 

1 

0.5252  < 

0.884 

0.1805 

0.1795 

34.2 

1 

0.882 

0.1805 

0.1791 

34.1 

? 

0.2956 

0.498 

0.1016 

0.1011 

34.2 

3 

0.8375 

1.409 

0.2879 

0.2861 

34.1 

4 

0.4950 

0.833 

0.1701 

0.1691 

34.2 

5 

n  .mnn  i 

0.873 

0.1783 

0.1773 

34.1 

0.874 

0.1783 

0.1775 

34.1 

Average 

34.1 

From  the  data  of  Table  1,  it  is  evident  that  the  losses  of  the  carbonyl  in  work  by  this  method  have  been  re¬ 
duced,  bringing  the  error  of  the  determination  to  Q.Tf’lo,  on  the  side  of  somewhat  lowered  results,  for  which  we  can 
make  appropriate  corrections. 


3.  Determination  of  the  nickel  ccwitent  in  the  combustion  products  in  the  calorimetric  bomb.  The  analysis 
of  the  reaction  products  presented  difficulties,  since  we  were  not  certain  of  the  homogeneity  of  the  solid  phase.  As 
a  rule,  this  product  was  of  a  light-green  color  with  dark  disseminations.  Analysis  showed  that  the  nickel  carbonyl 
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burned  to  nicklous  oxide,  with  a  uniform  deposition  of  metallic  nickel,  in  spite  of  the  presence  of  oxygen  under 
pressure.  The  unburned  nickel  remaining  was  not  less  than  several  per  cent,  which  increased  the  nickel  content 
in  NiO  to  81-83<yo  instead  of  78.6<%  (Table  2).  The  specified  composition  of  the  phase  made  it  possible  to  establish 
the  coefficients  x  and  jr.  in  the  equation  from  which  we  calculated  the  heat  effect  of  the  reaction;  we  assumed  that 
total  excess  of  nickel  (in  contrast  to  the  stoichiometric  quantity  in  NiO)  was  in  the  form  of  0- nickel  [Ni]g having  a 
cubic  face-centered  lattice.  This  was  confirmed  by  X-ray  photographs  of  the  combustion  products. 

4.  X-ray  phase  analysis  of  the  combustion  products.  The  equation  for  the  reaction  of  nickel  carbonyl  with 
oxygen  as  usually  presented  in  classical  chemistry; 

Ni(CO)4  ( 1.  )  +  2-^Oi  =  NiO  +  4002  +  Q. 

in  reality,  cannot  be  considered  as  substantial,  ance,as  our  experiments  showed,  first,  part  of  the  nickel  was  deposited 
in  the  form  of  the  metal  and,  second,  it  is-not  clear  in  principle  whether  the  oxide  forming  has  the  composition 
NijOj;  therefore,  the  equation  for  the  reaction  must  be  written  in  the  following  form: 

xz 

Ni(C0)4  ( i; )  +  (2  +  y  )  Ofe  =  400*  +  xNijO^  +  (l-x)Ni.  (1) 

When  z  =  1,  the  equation  assumes  the  form: 

Ni(CO)4  (1..)  +  (2  +  |)  p2  =  4002  +  xNiO  +  yNi,  (2) 


where  ^ 

To  determine  the  composition  of  the  nickel  oxide  which  was  made  difficult  by  the  presence  of  metallic 
nickel  in  the  system,  we  canied  out  an  X-ray  phase  analysis  of  the  combustion  products. 


Results  of  the  X-ray  Investigation.  I)  NiO  -  a  yellow  powder  after  combustion  (Debye 
chamber);  11)  NiO  after  combustion  (asymmetrical  method);  Hi)  black  'powder'after  com¬ 
bustion;  IV)  chemically  pure  Ni20^;  V)  NiO  (calculated);  VI)  99,95%  Ni.  Intensity  of  the 
lines:  v.s.  =  very  strong,  s_  =  strong,  av.  =  average,  wk  =  weak,  v.wk.  =  very  weak. 
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The  X-ray  survey  was  carried  out  by  the  method  of  Debye.  The  results  are  presented  on  a  dash  diagram, 
where  the  positions  and  relative  intensities  of  die  lines  of  Ni^Qs,  NiO,  0-Ni  and  the  combustion  products  are  shown. 
From  the  diagram  it  is  evident  that  the  NijQs  phase  is  absent  from  the  combustion  products,  only  the  6-Ni  phase 
and  the  cubic  face-centered  NiO  structure  being  present  (According  to  the  recent  data  of  Rooksby  [51  this  phase 
actually  has  a  small  rhombohedral  anorthogonality  which  does  not  affect  its  identification.)  In  order  to  account 
for  possible  fluctuations  in  the  combustion  of  the  NiO  phase  (this  problem  was  incapable  of  definite  solution  by 
chemical  analysis  because  of  the  two- phase  nature  of  the  system  and  the  presence  in  it  of  metallic  nickel),  we  set 
up  an  investigation  by  the  method  of  reversion  X-ray  exposure  in  a  modified  Sachs  chamber. 

On  the  other  hand,  the  solid  combustion  product  of  NiO  was  heated  in  a  "Mars"  furnace  in  a  current  of  Oj 
at  1100*  C,  and  after  calcination  it  was  again  studied  by  the  method  of  reversion  X-ray  exposure.  No  displacement 
of  the  lines  was  observed;  here  it  was  possible  to  conclude  that,  in  the  combustion  products  in  the  bomb,  the  0:Ni 
ratio,  apparently,  was  very  close  to  unity.  This  permitted  us  to  accept  equation  (2),  as  a  first  approximation  to 
the  equation  of  the  reaction.  Then,  considering  the  data  from  the  chemical  analysis,  it  was  not  difficult  to  deter¬ 
mine  the  values  of  x  and  ^  in  equation  (2),  and  to  calculate  the  heat  of  formation  of  nickel  carbonyl. 

Procedure  of  Combustion  and  the  Calculation  of  the  Heat  Effects 

1.  Determination  of  thermal  capacity  of  the  calorimeter.  The  thermal  capacity  of  the  calorimeter,  with  the 
Kroker-Maller  bomb,  was  determined  with  benzoic  acid  having  a  heat  of  combustion  of  6311  cal/g.  which  was 
burned  in  the  form  of  tablets  having  cotton  threads  pressed  into  them.  The  thread  was  tied  to  an  iron  wire,  which 
was  fastened  between  the  contacts  of  the  bomb. 

For  the  heat  of  combustion  of  the  iron  wire  and  the  cotton  thread,  the  tabulated  values  of  the  heats  of  com¬ 
bustion  were  used.  The  initial  and  final  periods  lasted  10  minutes,  and  the  main  period  was  6-7  minutes. 

We  made  7  combustions,  on  the  basis  of  which  we  established  the  average  magnitude  of  the  thermal  capac¬ 
ity  of  the  calorimeter  as  equal  to  2372  +  6  cal. 

Correction  for  the  heat  exchange  of  the  calorimeter  was  introduced  according  to  the  formula  of  Regnault- 
Pfaundler-Usov  [6]. 


TABLE  2 


Num¬ 

ber 

Characteristic 

1  Experiment 

1 

2 

3 

1 

Weight  of  carbonyl  (in  g) . 

•  4.5016 

4.4239 

4.1755 

2 

Heat  value  of  the  calorimeter  (in  cal) . 

2372 

2372 

2372 

3 

Increase  of  temperature . .  . 

3.53 

3.1^2 

2.82 

4 

Total- quantity  of  heat  (in  cal)  for  the  sample  Q . 

8317 

7403 

6644 

5 

Time  of  passage  of  current  (in  sec.) . 

330 

160 

5 

6 

Amount  of  heat  from  passage  of  current  (in  caj) . 

1078 

555 

81 

7 

Amount  of  heat  obtained  from  combustion  of  the  carbonyl 

(in  cal  per  sample) . 

7295 

6897.63 

6608.4 

8 

Heat  of  combustion  of  the  carbonyl  (in  cal  per  1  g) . 

1620 

1561 

15833 

9 

Heat  of  combustion  of  the  carbonyl  (in  kcal  per  mole  of 

Ol«  2>  s) .  . 

2765 

2664 

2693 

10 

Average  percent  content  of  nickel  in  the  combustion  product 

81.3 

83.9 

82.1 

11 

Content  of  O2  in  Ni  +  NiO  (in  <%) . 

18.7 

16.1 

17.9 

12 

Percent  of  Ni  bound  to  oxygen  in  NiO . 

68.6 

59.1 

65.6 

13 

Percent  of  free  nickel . 

12.7 

24.8 

16.5 

14 

Coefficient  for  Ni(^) . 

0.155 

0.295 

0.251 

15 

Coefficient  for  NiO(x)* . 

0.845 

0.705 

0.749 

16 

Heat  of  formation  of  Ni(CO)4  from  Ni  +  4CO  in  kcal  ((Jv**  ) 

43.8 

45.6 

45.3 

•  Average  value  is  0.766. 

••  Average  value  of  44.9  +  1  kcal. 


Moreover,  we  made  a  correction  to  the  increa^of  temperature  in  the  experiment,  taking  into  account  the 
projection  of  the  column  of  mercury  according  to  the  rating  of  the  Beckmann  thermometer  used,  and  we  also  made 
a  correction  for  the  Joule  effect  produced  by  the  passage  of  current  through  the  platinum  wire  soldered  into  the 


anpoule..  For  this,  we  subilized  the  voltage  of  the  circuit  and  measured  the  cunent  strength,  the  time,  and  the 
voltage  on  the  clamp  of  the  bomb  at  the  moment  when  the  ampoule  was  exploded.  The  results  of  the  combustion 
of  the  Ni-carbonyl  are  presented  in  Table  2. 

No  correction  was  made  for  the  variation  in  (  )  with  transition  from  30  to  1  atm,  since  calculation 

Vap  /T 

on  the  basis  of  data  from  Rossini  and  Frandsen  [7]  led  to  values  that  were  smaller  than  the  experimental  error. 

As  shown  by  the  results  of  the  chemical  and  X-ray  phase  analyses,  although  during  the  combustion  the  same 
phases,  NiO  and  Ni,  were  produced,  their  proportions  in  each  of  these  individual  experiments  varied  to  some  extent: 
therefore,  the  heat  of  combustion  per  1  g  and  per  1  mole  of  the  carbonyl  alsa  varied.  This  circumstance  required 
that  we  calculate  the  heat  of  formation  of  the  carbonyl  for  each  experiment  individually  without  using  the  average 
heat  of  combustion. 

Using  the  data  of  Table  2  it  was  possible  to  write  for  all  three  of  the  samples  in  that  table,  the  equation  of 

the  reaction,  by  which,  for  all  practical  purposes,  the  combustion  of  nickel  carbonyl  took  place. 

The  corresponding  equations  have  the  form: 

1)  Ni(CO)4  +  ^2  +  O2  =  0.845  [NiO]  +  0.155  [Ni]  +  4CO2  +  2765  kcal. 

2)  Ni(CO)4  +  (2  +  Oz  =  0.705  [NiO]  +  0.295  [Ni]  +  4COi  +  2664  kcal. 

3)  Ni(CO)4  +  ^  +  O2  =  0.749  [NiO]  +  0.251  [Ni]  +  4COs  +  269s  kcal. 

On  the  basis  of  these  equations  it  is  not  difficult  to  calculate  the  heat  of  formation  of  nickel  carbonyl 

according  to  the  equation: 

[Nl]g  +  4CO  =  Ni(CO)4  a .)  +  29a: 

substituting  for  Q^,  Qj  and  in  the  foregoing  reaction  equations,  the  data  determined  during  combustion. 

Hence  we  obtain; 

1)  A*  E29,  Ni(CO)4  =  0.845-58.9  +  270.5“ 276b  =  “43.77  kcal/mole, 

2)  A"  Ezsg  Ni(cO)4  ~  0.705*58.9  +  270.5“ 2664  =  “45.62  kcal/mole. 

3)  A”  E218  Ni(CO)4  =  0,749-58.9  +  270.5“269s  =  “45.32  kcal/mole. 

The  average  of  the  three  determinations  is  equal  to 

_  ±  45^  =-44.9  +  1  kcal/mole 

The  standard  enthalpy  of  the  reaction  [Ni]g  +  4(CO)  =  Ni(CO)4  is  equal  to: 

AH?,  29<  =  AE2«“4RT  =  “44.9“ 2.4  =  “47.3  +  1  kcal/mole. 

The  accuracy  of  the  determination  of  the  heats  of  formation  of  nickel  carbonyl  from  Ni  and  CO  is  governed 
to  a  great  extent  by  the  accuracy  with  which  the  fractional  coefficients  in  the  equation  of  the  combustion  reaction, 
characterizing  the  number  of  components  and  the  reaction  products,  are  established.  This  situation  is  all  the  more 
significant,  since  small  fluctuations  of  the  composition  of  the  nickel  oxidesmay  occur  with  a  corresponding  change 
in  tne  thermal  effects  of  their  formation. 


SUMMARY 

On  the  basis  of  the  investigation  that  we  carried  out,  the  heat  of  formation  of  nickel  carbaiyl  was  deter¬ 
mined.  The  variations  of  the  latter  depended  on  the  fluctuations  of  the  composition  of  the  nickel  oxide  forming. 
The  accuracy  of  these  determinations  was  estimated  to  be  +  2% 
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DOUBLE  DECOMPOSITION  IN  A  RECIPROCAL  SYSTEM  OF  THE  SULFATES  AND 

TUNGSTATES  OF  LITHIUM  AND  LEAD 

I.  N.  Belyaev 

In  a  ternary  reciprocal  system  with  the  participation  only  of  cations  having  outer  electron  shells  of  the  inert 
gas  type,  the  irreversibility  increases  in  a  series  from  lithium  to  cesium,  if  some  divalent  cation,  for  example,  be 
in  combination  with  the  alkali  metals.  Thus,  in  the  series  M,  Ca  ||  F,  Cl  (M  =Li,  Na,  K,  Rb,  Cs)  the  most  rever¬ 
sible  the  system  Li,  Ca  ||  F,  Cl,  the  most  irreversible  the  system  Cs,  Ca  F,  Cl  (stratification  [1]).  In  this  series  of 
reciprocal  systems,  such  an  order  is  altered  and  the  "conditionally”  calculated  heat  effects  of  the  reactions  are 
interchanged.  Thus,  for  the  system  Li,  Cal|F,  Cl  they  are  at  a  maximum,  but  for  the  system  Cs,  CajjF,  Cl  they  ate 
at  a  minimum. 

For  many  systems  involving  the  participation  of  cations  having  18  or  18  +  2  electrons  in  their  shells,  the 
"conditional"  heat  effects  of  the  reactions  (calculated  at  25")  do  not  offer  the  possibility  of  judging  the  direction 
of  die  exchange  reactions.  Calculations  of  the  polarities  of  the  halides  of  Ag.  Cd,  Pb,  and  T1  show  that,  for  sys¬ 
tems  involving  the  participation  of  these  cations,  the  character  of  the  changes  in  the  series  from  Li  to  Cs  must  be 
the  reverse  of  that  for  systems  involving  the  participation  of  cations  having  electron  shells  of  the  inert  gas  type, 
i.e.,  the  irreversibility  must  increase  in  the  series  from  Cs  to  Li.  It  is  unfortunate  that,  for  the  sulfates  and  tung¬ 
states,  it  has  as  yet  not  been  possible  to  calculate  the  polarities,  and  it  is  impossible  to  judge  the  nature  of  the 
changes  of'the  systems  in  the  series  Cs  — Li  by  the  differences  of  the  polarities  for  a  combination  of  the  cations 
of  the  series  Cs  Li  with  cations  having  an  outer  electron  layer  of  18  or  18  +  2  electrons. 

In  the  present  report,  we  present  the  results 
of  an  investigation,  by  visual-polythermal  methods, 
of  the  crystallization  surfaces  of  a  system  of  sulfates 
and  tungstates  of  lithium  and  lead,  the  final  mem¬ 
bers  of  the  series  Li(Na,  K)Pb|(sO^  WO4, 

EXPERIMENTAL* 

The  production  of  the  salts,  PbWQj  and  PbSQi, 
was  described  earlier  [3,  4].  Chemically  pure  lith¬ 
ium  sulfate  was  recrystallized  (m.p.  852*);  lithium 
tungstate  was  prepared  by  fusion  of  lithium  carbon¬ 
ate  (pure  for  analysis)  with  tungstic  anhydride  (m.p. 
788*). 

Binary  systems:  The  system  lithium  tungstate 
—  lead  tungstate  (Table  1,  Fig.  1),  studied  for  the 
first  time,  has  a  eutectic  point  at  16.5*lfc**lead  tung¬ 
state  and  708*.  The  systems  lithium  tungstate— lith¬ 
ium  sulfate,  lithium  sulfate— lead  sulfate,  and  lead 
sulfate—  lead  tungstate  were  studied  earlier  [4,  5]. 

The  first  two  are  simple  eutectic  systems,  with  the 
eutectics:  for  the  first,  at  593”  and  68<%  lithium 
sulfate,  and  for  the  second,  at  632*  and  22<7o  lead 
sulfate.  We  repeated  the  investigation  of  both  sys¬ 
tems,  and  the  data  obtained  did  not  disagree  with  the 
previous  data,  within  the  limits  of  experimental  error. 
The  system  lead  tungstate— lead  sulfate  was  charac- 
tericzed  by  the  presence  of  a  limited  solubility  in 
the  solid  state  with  a  eutectic  point  at  995*  and  50<^ 
lead  tungstate. 

wak. 


Fig.  1.  Fusion  system,  I)  Diagonal  section,  Li2S04;  II) 
binary  system,  Li2W04— PbW04;  III)  diagonal  section.  . 
Li2W04— PbS04.  Curves  la,  Ila  and  Ilia  refer  to  sections 
I,  II  and  III  of  Table  2;  the  remaining  numbers  oh  the 
curves  agree  with  die  numbers  of  the  sections  in  Table  2. 

V.  "Miroshnikov  assisted  Ifl  Oie  experimental  portion  of  this 
•  •  The  percentage  here  was  molecular. 
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TABLE  1 


(1)  Added  component; (2)  mole  of  added  component; (3)  temperature  of  appearance  of  the  first  crystals) 


1  1 

_  2 

1 _ ^ 

1  1  1 

! _ 2J 

1 _ 3 _ 1 

1 _ ^ _ 

1 _ 2 _ 1 

1 _ 3 _ 

LiWOl-PbWOi  i 

1  diagonal  section  of  Li2SQ|—PbW04  \ 

I  diagonal  section  of  LitS04 

-PbSOi 

PbW04 

0 

738 

PbWQj 

0 

852 

PbS04 

0 

738 

5 

729 

3 

791 

5 

720 

10 

720 

4 

774 

10 

698 

15 

710 

5 

760 

12.5 

696 

20 

729 

7.5 

778 

15 

720 

25 

760 

10 

810 

17.5 

743 

30 

786 

15 

852 

20 

765 

35 

816 

20 

873 

25 

810 

40 

841 

25 

890 

30 

852 

45 

871 

30 

909 

35 

891 

50 

891 

35 

924 

40 

920 

55 

925 

40 

935 

45 

943 

60 

950 

45 

946 

50 

956 

65 

975 

50 

956 

55  * 

'  954 

55 

970 

60 

940 

60 

983 

65 

924 

65 

955 

70 

906 

75 

883 

80 

930 

82.5 

964 

TABLE  2 

A)  UWO4,  B)  Li2S04.  C)  PbW04,  D)  PbSQ* 


Sec- 

Composition 

M.P.  of  orig- 

Added 

Intersection  of  the  crystallization  branches 

tion 

of  original 

inal  mixture 

component 

branch 

intersection  of  1  &  2 

branch 

intersection  of  2  &  3  branch 

mixture 

1 

%  D 

t" 

2 

%D 

t* 

3 

.  [ 

20^0  A 

80*^0  B 

[  695* 

0 

B 

2.5 

684 

C 

56.0 

806 

D 

-  1 

bVfok 

50<^B 

1  672 

D 

A 

2.5 

630 

C 

67.0 

854 

D 

.  { 

80<55)  A 

20^3 

1  703 

D 

A 

7.0 

666 

c 

IV  [ 

2.5<^o  C 
97.5<7o  A 

1  736 

B 

A 

36.0 

660 

C-A 

70.0 

580 

B 

'  i 

3QPhC 

lOPhA 

1  786 

D 

C 

71.0 

908 

D 

VI  1 

2.5%  A 
97.5%  B 

1  830 

D 

B 

11.0 

722 

C 

27.0 

698 

D 

vn 

1%  A 

99%  C 

^  844 

D 

B 

20.0 

635 

D 

The  diagonal  section  of  lithium  sulfate— lead  tungstate  (Table  1,  Fig.  1)  has  ihe  form  of  the  usual  binary  sys¬ 
tems  and  has  a  eutectic  point  at  754*  and  5.5^  lead  tungstate,  and  therefore,  is  a  stable  diagonal  section  of  the 
reciprocal  system  studied. 

The  diagmial  section  of  the  system,  lithium  tungstate"*  lead  sulfate  (Table  1,  Fig.  1)  was  metastable,  and  had 
three  branches  of  crystallization  intersecting  at  690aid’882*  and  a  12  and  76<5fc  lead  sulfate,  respectively. 
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In  Older  to  calculate  the  relief  of  the  crystallization  surfaces  of  all  the  systems,  we  studied  7  internal  sec¬ 
tions.  The  results  are  presented  in  Table  2  and  Fig.  1. 

From  Fig.  2,  in  which  is  represented  a  projection  of  die  three-dimensional  diagram  of  the  reciprocal  system 
onto  the  composition  rectangle,  it  is  evident  that  the  system  studied  is  irreversibly  reciprocal,  with  a  stable  diagonal 
section  of  lead  tungstate— lithium  sulfate.  The  distribution  of  the  isotherms  shows  that  the  systems  approach  sim¬ 
ple  systems. 

Comparison  of  Fig,  2  with  the  reciprocal  systems 
of  the  sulfates  of  sodium  and  lead  [2],  and  the  sulfates 
of  potassium  and  lead  [3],  shows  that  in  the  series 
Li(Na,  K),  PblISQj,  WO4  the  ineversibility  increases 
from  potassium  to  lithium.  The  system  K,  PbISQj,  WO4 
is  a  transition  from  the  diagonal  to  the  non-diagonal, 
and  has  three  almost  "equally  valid" ‘sections,  having 
the  characteriof  the  binary  systems  (K2S04*  2PbS04— 
-PbW04;  K2W04-PbW04-K2S04and  K2S04-PbW04). 
The  system  Na,  Pb|l  SO4,  WO4  is  irreversible-reciprocal 
with  the  stable  section  NajSQi— PbW04,  but  the  inter¬ 
section  of  the  isotherms  at  the  PbWQi  peak  is  smoother 
than  in  the  system  Li,  PbllSQi^  WO4.  An  analogous 
character  of  the  change  of  the  reciprocal  systems  should 
be  expected  also  in  the  series  Li,  (Na,  K)Pb||S04,  M0O4, 
since  the  systems  Na.  Pb||  SQi^  M0O4  [6]  and 
K,  Pb||S04,  M0O4  [7]  are  entirely  analogous  to  systems 
involving  the  participation  of  WO4.  Thus,  it  is  possible 
to  consider  as  established  the  fact  that,  for  a  combina¬ 
tion  of  the  sulfates  and  tungstates  (molybdates)  of  lead 
with  the  sulfates  and  tungstates  (molybdates)  of  the 
alkali  metals,  the  ineversibility  of  the  double  decom¬ 
position  reaction  increases  in  the  series  from  potassium 
to  lithium,  while  the  combination  of  an  alkali  metal 
with  some  divalent  cation  having  an  outer  shell  of  the  inert  gas  type  takes  place  reversibly,  the  ineversibility  in¬ 
creasing  in  the  series  from  lithium  to  potassium. 

In  all  the  systems  considered  involving  the  participation  of  lead  the  equilibrium  in  the  melts  was  displaced 
toward  the  side  qf  combination  of  cations  having  18-1-2  electrons  in  their  shell  with  anions  containing  an  element 
having  an  incomplete  ^-electron  layer.  This  confirms  the  assumption  formulated  earlier  [8],  that  for  the  double 
decomposition  of  salts  containing  1  cation  having  18  or  18  -1-  2  electrons  in  their  shells  and  1  anion,  having  in  its 
composition  an  element  having  an  incomplete  d-electron  layer,  the  equilibrium  will  always  be  displaced  toward 
the  side  of  the  combination  of  the  cation  having  18  or  18  2  outer  shell  electrons  with  the  anion  containing  an 

element  having  an  incomplete  ^-electron  shell. 

SUMMARY 

1.  The  crystallization  surfaces  of  ternary  reciprocal  systems  of  the  sulfates  and  tungstates  of  lithium  and 
lead  were  studied  by  the  visual-polythermal  method.  The  systems  belong  to  the  irreversible-reciprocal  systems  and 
approach  simple  systems.  The  lithium  sulfate~  lead  tungstate  diagonal  is  stable. 

2.  It  was  shown  that,  for  a  series  of  reciprocal  systems  of  the  sulfates  and  tungstates  (molybdates)  of  lead 
and  the  alkali  metals,  the  irreversibility  of  the  double  decomposition  reaction  in  melts  increases  in  the  series 
from  potassium  to  lithium. 

3.  We  confirmed  our  previously  advanced  hypothesis  that  double  decomposition  reactions  in  melts  involv¬ 
ing  participation  of  cations  having  18  or  18  2  shell  electrons  and  anions  containing  an  element  having  an  incom¬ 

plete  d-electron  shelL  are  always  directed  toward  the  side  of  combinations  of  the  latter. 
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SOLUBILITY  IN  THE  SYSTEM  CaCOj-MgCOj-HiO  AT  DIFFERENT 


TEMPERATURES  AND  PRESSURES  OF  COj 
O.  K.  Yanatyeva 


The  problem  of  determining  .  the  action  of  water  on  dolomite  has  been  the  subject  of  study  of  a  number  of 
investigators  [1-4];  however,  ; until  now  the  problem  remained  unsolved,  and  the  opinions  of  different  authoB 
on  the  problem  were  inconsistent, 

The  present  report  gives  the  results  of  investigations  of  the  solubility  of  dolomite  (CaCQj  *  MgCO^)  in  pure 
water,  and  also  in  presence  of  its  components  —  calcite  (CaCO^)  and  magnesite  (MgCOj)—  under  polythermal  and 
polybaric  conditions. 

The  preparations  Used  for  the  investigation  were  of  native  purity:  Shishlmsk  dolomite  was  obtained  from  the 
Laboratory  of  Decorative  Stone  of  the  Academy  of  Architecture  of  the  USSR,  and  contained  0.27<^  Insoluble  matter, 
0,40%Fe2Os  -f  AljO^,  53.74%  CaCO^,  45.46%  MgCPj,  and  was  free  of  admixtures  calcite  and  magnesite;  the  white 
Satkinsk  magnesite  and  transparent  calcite  (Iceland  spar)  were  from  the  mineralogical  museum  of  the  Academy 
-  of  Sciences  of  the  USSR. 


TABLE 

Solubility  in  the  System  CaCOj—MgCOj—HjO 


Point 

No, 

Tempera¬ 

ture 

-  iMlllimolesperlOOOgof solution 

1  Ca(HCCb)2  1  Mg(HCP3>, 

pH  of 
solution 

Solid  [^ase 

i 

r 

1 

16.08 

— 

— 

Calcite 

2 

1 

13.64 

1.32 

- 

Calcite  +  dolomite 

3 

0* 

5.34 

5.40 

- 

Dolomite 

4 

3.40 

12.27 

- 

Dolomite  +  magnesite 

5 

22.52 

— 

Magnesite 

6 

8.98 

- 

- 

Calcite 

7 

8.10 

1.18 

5.8 

Calcite  +  dolomite 

8 

25*  . 

3.21 

3.28 

5.7 

Dolomite 

9 

2.50 

11.26 

6.0 

Dolomite  +  magnesite 

10 

— 

16.50 

— 

Magnesite 

11 

6.09 

- 

- 

Calcite 

12 

4.23 

2.17 

6,69 

Calcite  +  dolomite 

13 

55*  1 

3.00 

3.08 

- 

Dolomite 

14 

2.15 

7.39 

6,92 

'  Dolomite  +  magnesite 

15 

— 

15,59 

— 

Magnesite 

16 

I 

3.45  • 

- 

7.66 

Calcite 

17 

70*  i 

2.03 

2.55 

7.82 

Dolomite  calcite 

18 

1 

1.55 

5.89 

7.84 

Dolomite  -t-  magnesite 

At  P 

COj  ~  0.0012  atm 

19  1 

0.81 

r- 

— 

Calcite 

20 

0.39 

0.94 

7.76 

Calcite  +  dolomite 

21 

25*  i 

0.40 

1.02 

7.78 

Dolomite  -t-  calcite 

22 

0.32 

1.20 

7.87 

Dolomite  +  magnesite 

23 

— 

1,65  ■ 

— 

Magnesite 

Note:  For  point  No.  17.  the  data  are  for  pure  dolomite  and  for  its  mixture  with  calcite  at  70*.  For  point  No.  20, 
we  used  a  mixture  of  dolbmite  with  calcite.  For  point  No.  21,  pure  dolomite  was  used. 
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The  solubilities  were  studied  at  temperatures  of  0.  25,  55  and  70*  and  at  CO2  partial  pressures  of  about  1 
and  0.0012  atm.  The  0*  temperature  was  maintained  in  a  large  Dewar  vessfel  (8  liters)  filled  with  ice;  tempera¬ 
tures  of  25,  55  and  70*  were  maintained  in  a  water  thermostat  using  a  mercury-toluene  thermoregulator;  the  labora¬ 
tory  air  served  as  the  source  of  the  low  partial  pressure  CQj,  the  air  being  blown  through  the  mixture  in  the  vessel 
by  means  of  a  water- jet  pump, 

A  more  detailed  characterization  of  the  preparations,  a  description  of  the  apparatus  and  the  method  of  in¬ 
vestigation  are  presented  in  a  report  published  earlier  [5], 

The  data  obtained  on  the  solubilities  in  the  system  CaCQs— MgCOj—HjO  are  expressed  in  millimoles  of  salt 
per  1000  g  of  solution,  and  are  presented  in  the  Table  and  in  the  form  of  an  equilibrium  diagram  in  the  Figure. 

It  is  obvious  from  the  diagram  that  the  general  forms  of  all  the  solubility  isotherms  of  the  system  are  alike, 
since  each  of  them  consists  of  three  branches  corresponding  to  the  crystallization  of  calcite,  dolomite  and  magnes¬ 
ite;  however,  the  crystallization  branch  for  calcite  invariably  increases  with  an  increase  of  temperature  or  with 
a  decrease  of  the  CO^  content  in  solution,  but  the  dolomite  branch,  on  the  other  hand,  decreases  and  the  region  of 
its  existence  in  the  polytherm  gradually  plays  out. 

The  sharp  change  of  the  solubility  of  calcite  with  temperature  is  indicated  by  the  character  of  the  solubility 
of  die  double  compound  —  dolomite.  From  the  Table  it  is  obvious  that  solutions,  saturated  with  pure  dolomite,  at 
0,  25  and  55*  and  at  a  P^o,  equal  to  about  1  atm  contain  equal  numbers  of  millimoles  of  Ca(HC0s)2  and  Mg(HCO^)2, 
i.e.,  dolomite  dissolves  wi^ut  decomposition.  At  70*  the  ratio  of  the  salts  in  the  solution  changes,  with  Mg(HCOs;2 
predominating,  and  at  the  bottom  of  the  vessel  calcite  appears  as  the  additional  solid  phase  (together  with  dolo¬ 
mite),  forming  because  of  the  decomposition  of  the  dolomite.  An  analogous  picture  is  observed  also  for  P(302  ~ 
0.0012  atm  at  25*. 


Equilibrium  diagram  of  the  system  CaCQs— MgCQj— H2O.  1)  ~  0.0012  atm  PCO2’ 

2;  3,  4,  5)  ~  1  atm  P^q^. 

The  change  of  the  congruent  solubility  of  dolomite  with  an  increase  of  temperature  and  a  decrease  of  the 
partial  pressure  of  CO^  is  reflected  graphically  on  the  equilibrium  diagram  of  the  system  CaCOj"  MgCOj~  1^0, 
where  a  straight  line  connecting  the  composition  joint  of  dolomite  with  the  origin  of  the  coordinates  intersects 
the  crystallization  branches  of  dolomite  on  the  0,  25  and  55*  isotherms  (with  congruent  solubility),  and  intersects 
the  calcite  branch  (with  congruent  solubility)  on  the  70*  isotherm  and  the  0.0012  atm  isobar. 

Results  of  the  measurement  of  the  pH  of  the  individual  solutions  of  the  system*  are  extremely  interesting, 
the  congruent  solubility  being  observed  at  low  pH  values  of  the  solution  (below  7),  and  the  incongruent  at  eleva¬ 
ted  values  (above  7)  (see  the  Table). 


•  The  measurements  were  made  by  V.  N.  Sveshnikov,  to  whom  we  express  our  thanks. 
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Thus,  the  results  of  the  systematic  investigation  of  the  solubility  of  dolomite  show  the  variable  character 
of  die  solubilities,  depending  on  the  conditions  (pH,  temperature,  etc.)  and  impart  complete  claiity  to  the 

problem  discussed. 

The  solution  of  this  problem,  having  at  fi.tst  glance  a  purely  theoretical  character,  at  the  same  time  is  of 
important  practical  value:  die  data  obtained  direct  utilization  of  the  carbonate  rocks  (dolomites,  dolomitized 
limestones,  etc.)  in  the  proper  regions  in  hydrotechnical  construction,  and  also  are  useful  for  clarifying  the  condi¬ 
tions  of  formation  and  the  stability  of  the  dolomites  in  nature. 


SUMMARY 

1.  The  solubilities  in  the  system  CaCC)s~MgC03-H2O  were  studied  at  0,  25,  55  and  70"  and  at  a  of 
about  1  to  0.0012  atm. 


2.  The  data  obtained  showed  the  relationship  of  the  character  of  the  solubility  of  dolomite  in  the  system  to 
the  pH  of  the  medium,  to  ^od  to  the  temperature;  at  pH  values  of  less  than  7  we  observed  the  solubility  of 
dolomite  without  decomposition;  at  pH  values  above  7.  and  also  at  low  Pq0^>  observed  its  solubility  with  de¬ 
composition. 

3.  Proceeding  from  the  structure  of  the  equilibrium  diagram  of  the  system 


CaCOj-MgCOj-HjO 

at  lower  PcQ;  (below  0.0012  atm)  we  should  expect  disappearance  of  the  dolomite  area  in  the  system,  i.e.,  com¬ 
plete  decomposition  of  the  dolomite  by  the  action  of  water. 

4.  The  results  of  the  investigation  are  of  value  for  clarifying  the  conditions  of  formation  and  stability  of 
dolomite  in  nature,  and  also  for  their  utilization  in  hydrotechnical  construction. 
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REACTIONS  IN  MELTS  OF  THE  NITRATES  AND  NITRITES  OF  THE  METALS  IN  THE 
FIRST  AND  SECOND  GROUPS  OF  D.  I.  MENDELEEVS  PERIODIC  SYSTEM 

XVI.  INVESTIGATION  OF  TERNARY  SYSTEMS  OF  THE  NITRATES  OF  CESIUM,  THALLIUM  AND  CADMIUM 

P.  I.  Protsenko  and  V.  V.  Rubleva 


A  pecularity  of  some  of  the  nitrates  of  the  metals  of  the  first  and  second  groups  of  the  D.  I.  Mendeleev 
periodic  system  in  melts  seems  to  be  their  clearly  expressed  tendency  toward  vitrification.  As  a  rule,  this 
phenomenon,  which  is  usually  observed  on  cooling  the  melt,  is  accompanied  by  supercooling,  increase  of  viscosity, 
and  usually  complex  formation.  From  this  point  of  view,  the  ternary  systems  of  the  nitrates  of  cesium,  thallium  arid 
cadmium  are  of  special  interest.  The  investigation  of  this  system,  like  the  preceding,  was  carried  out  by  the  visual- 
polythermal  method  of  physico-chemical  analysis. 

Binary  Systems 

For  the  first  time,  we  studied  the  binary  system  cesium  nitrate-"' thallium  nitrate.  The  components  of  this 
system  form  a  continuous  series  of  solid  solutions,  for  which  the  lowest  melting  point  on  the  liquidus  curve  corres¬ 
ponds  to  the  melting  point  of  pure  thallium  nitrate  (Fig.  1). 

The  melts  of  the  salt  mixtures  of  this  system,  at  all  con¬ 
centrations,  were  clear,  and  crystallized  readily. 

We  also  investigated  the  binary^stem,  cadmium  nitrate 
—  thallium  nitrate  for  the  first  time.  The  fusion  diagram  of 
the  system  has  three  branches  of  crystallization:  cadmium 
nitrate,  the  chemical  compound  Cil(NQ3)2  ‘  2TINO3,  and  thall¬ 
ium  nitrate.  On  heating  above  300*.  we  observed  the  decom¬ 
position  of  the  melts  with  the  liberation  of  nitrogen  peroxide 
and  formation  of  the  dark  cinnamon-colored  precipitate  of 
cadmium  oxide;  therefore,  die  cadmium  nitrate  branch  of 
crystallization  was  studied  from  an  ordinate  composition  of 
20%  thallium  nitrate.  In  the  concentration  interval  firom  45 
to  60%  thallium  nitrate,  the  viscosity  of  the  melt  increased 
appreciably,  and  vitrification  took  place.  The  eutectic  point 
was  found  experimentally  and  was  verified  graphically;  it 
corresponded  to  57%  thallium  nitrate  and  m.p.  of  95*.  The 
transition  point  on  the  fusion  curve  corresponds  to  a  m.p.  of 
105*  (Fig.  1).  The  melts  corresponding  to  the  remaining  parts 
of  the  composition  diagram,  were  clear  and  crystallized  read- 
Fig,  1.  Binary  systems.  1)  CSNO3— TlNQj,  2)  ily.  The  composition  of  the  compound,  melting  with  decom- 

Cd(NO^)i— (CsNOi)^;  3)  Cd(NOs)j5—(TlNC)i)2.  position,  may  be  expressed  by  die  formula' Cd(NOi)2  •2TlNOj. 

The  binary  system,  cadmium  nitrate— cesium  nitrate, 

according  to  the  literature  had  not  been  investigated.  The  composition  diagram  of  this  system  also  consists  of 
three  crystallization  branches:  cadmium  nitrate,  the  chemical  compound  Cd(NO^)2  *  2CsNO^,  die  maximum  of 
which  on  the  liquidus  curve  corresponds  to  a  temperature  of  178*,  and  cesium  nitrate.  Investigation  of  this  sys¬ 
tem  was  carried  out  from  the  ordinate  of  20%  cesium  nitrate.  At  smaller  contents,  the  melt  decomposed  with 
liberation  of  nitrogen  peroxide.  The  eutectic  mixture  containing  43.5%  of  cesium  mtrate,  melted  at  162.5*,  and 
the  mixture  containing  54.5%  cesium  nitrate  melted  at  166*.  The  eutectic  point  was  found  experimentally  and 
verified  by  die  intersection  of  the  liquidus  curves.  At  concentrations  from  40  to  60%*  cesium  nitrate,  the  melt 
crystallized  poorly,  being  readily  supercooled  and  converted  to  a  vitreous  mass. 


*  The  compositions  of  the  components  here  are  given  as  equimolecular  percentages. 
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Fig.  2.  Arrangement  of  the  sections  in  the  ternary 
system. 


Ternary  Systems 


Fig.  3.  Sections  in  the  ternary  system.  I)  5%  (CsNOs)2  + 
95%  Cd(NOs)i  -►  (TlNOs)^;  IV)  25%  (CsNOs)^  +  75% 
Cd(NOs)i  -►  (TlNJDs)*:  VI)  40%  (CsNOj)^  +  60%  Cd(N03)2 
-►  (T1N05)2;  VII)  50%  (CsNOj)2  +  50%  Cd(NOi,)2 
(TINO,)*. 


In  order  to  elucidate  the  nature  of  the  interac¬ 
tions  occurring  in  melts  of  the  nitrates  of  cadmium, 
thallium  and  cesium  in  a  ternary  system,  we  investigated  12  sections;  the  arrangement  and  form  of  the  liquidus 
curves  are  shown  in  Figs.  3,  4.  and  5,  and  tie  composition  transition  points,  and  the  melting  points  of  the  mixtures 
of  components  corresponding  to  these  points,  axe  presented  in  the  Table. 


In  Fig.  6  an  orthogonal  projection  of  the  course  of  crystallization  onto  a  cesium  nitrate~~  thallium  nitrate 
triangle  is  shown. 

The  experimental  data  for  all  the  ternary  systems  are  generalized  in  the  projection  of  die  three-dimensional 
isodierm  composition  diagram  (Fig.  7). 

As  should  be  expected,  proceeding  from  the  type  of  binary  system  which  constitutes  the  sides  of  the  triangle 
the  ternary  system  of  the  nitrates  of  cadmium,  cesium  and  thallium  has  four  areas  of  crystallization:  cadmium 
nitrate,  an  isomorj^c  mixture  of  cesium  and  thallium  nitrates,  the  chemical  compound  CdfNQjjj  *  2CsNCl^  and  the 
chemical  compound  CdfNOi)^  •  2TlNOi. 

The  formation  in  the  binary  system  cadmium  nitrate— thallium  nitrate,  of  the  compound  CdfNQsjjj  *  2TINP3 
was  cmifirmed  also  for  the  ternary  system.  The  small  area  of  crystallization  of  this  compound  (about  2%)  indicates 
its  ;  low  stability. 

The  formaticMi  in  the  binary  system  cadmium  nitrate— cesium  nitrate,  of  the  chemical  compound  Cd(NPs)2  * 

*  2CsNQs  melting  without  decomposition,  also'  is  verified  by  the  presence  of  the  corresponding  area  of  crystalliza¬ 
tion  in  the  ternary  system,  corresponding  to  7.35%  of  the  total  area  of  the  triangle. 

We  should  call  attention  to  the  fact  that  on  the  cadmium  nitrate— thallium  nitrate  side  of  the  triangle,  and 
on  the  curves  of  sections  III,  IV  and  VI.  there  are  snuU  discontinuities,  obtained  in  all  cases  at  the  same  tem¬ 
perature  of  130*.  We  must  assume  that  diey  correspond  to  the  conversion  of  the  a -modification  of  thallium  nitrate 
to  the  d-modification.  The  area  of  crystallization  of  the  designated  modifications  of  thallium  nitrate  is  shown  by 
dotted  lines  (Fig.  7). 

Investigation  of  the  above-mentioned  ternary  systems  was  accompanied  by  great  difficulties,  arising  from 
the  sharply  expressed  tendencies  of  the  melts  toward  supercooling,  increased  viscosities  and  vitrification.  These 
difficulties  were  overcome  by  energetically  rubbing  the  walls  of  the  vessel  with  the  stirrer,  employing  long  periods 
of  holding  the  melt  at  a  temperature  close  to  the  crystallization  point,  and  introduction  of  seeds  from  previously 
crystallized  melts.  The  correspondence  of  the  temperature  of  the  appearance  of  the  first,  and  temperature  of  dis¬ 
appearance  of  the  last  crystals,  in  such  cases,  was  within  2-3*. 


J 

1 


p 


I 


V 


) 

•  i 

, 


I 


) 


222 


fTKAB.  %  rnou  % 


Fig,  4.  Sections  in  the  ternary  systems.  II)  10%  (CsN05)2  Fig.  5.  Sections  in  the  ternary  systems..  X)  30%  (TINO^)* 
+  90%  Cd(NOi)2  (TlNOs)i;  III)  15%  (CsNOj)^  +  75%  +  70%  Cd(N03)j  (CsNOj)*;  XI)  20%  (TINOj)*  +  80% 

Cd(Na,)s  -»•  (TINOg)^;  V)  35%  (CsNO,)*  +  65%  Cd(NOj)4  CdCNOjJj  -►  (CsNQ,)*;  XH)  10%  (TlNOj)*  +  90% 

-►  (TlNOj)*;  Vni)  70%  (CsNQj)*  +  30%  Cd(NPs)2  Cd(NOs]fe  (CsNP,)^. 

(TlNOfe)2;  IX)  85%  (CsNQs)*  +  15%  Cd{NOb)2  (TlNOs)2. 

TABLE 


The  recording  by  A.  P.  Rostkovsky  [1]  of  the  phenomenon  of  vitrification,  which  he  observed  during  a  study 
of  the  binary  system  of  calcium  and  potassium  nitrates,  was  not  only  confirmed  by  us  in  the  same  system,  but  was 
also  observed  in  a  more  clearly  expressed  form  in  an  entire  series  of  binary  and  ternary  nitrate  systems;  thus,  it  is 
extremely  noteworthy?  that,  both  in  this  investigation  and  in  earlier  work  on  the  system  [2-5],  vitrification  occurred 
only  within  definite  concentration  limits  of  the  nitrates  reacting. 

This  fact  gives  a  basis  for  considering  that  the 
tendency  of  some  nitrate  melts  toward  supercooling, 
increase  of  viscosity  and  vitrification  observed  in  such 
cases,  is  no  other  than  the  qualiutive  characteristic  of 
the  chemism  appearing  between  the  components  In 
the  melts,  and  the  phenomena  of  supercooling,  viscos¬ 
ity  and  vitrification  are  genetically  connected. 

It  is  known  that  for  the  crystallization  of  a  sub¬ 
stance,  necessary  conditions  among  others,  is  that  the 
molecules,  atoms  or  ions  be  in  a  definite  order  in  the 
crystal  lattice.  The  mobilities  required  for  this  were 
possible  only  under  the  conditions  of  a  definite  ratio 
between  the  energies  of  the  heats  of  motion  and  the 
energies  of  the  interactions  of  the  molecules  [6]. 

On  cooling  the  melt,  the  rate  of  molization  (a 
process,  which  is  the  opposite  to  ionization)  increases, 
and  thus  the  moment  comes  when  the  energy  of  the 
heat  of  motion  becomes  insufficient  for  the  transfer  of  the  molecules,  as  a  result  of  which  the  viscosity  of  the  melt 
increases.  When  the  viscosity  of  the  melt  becomes  so  great  that  the  motions  of  the  atoms  and  atomic  groups  are 
impeded,  there  is  orientation  and  coherence  into  crystal  nuclei,  and  the  process  of  crystallization  sets  in,  slowly  at 
first,  and  the  melt  solidifies  to  a  vitreous  mass  or  glass. 

It  is  necessary  to  assume  that  for  the  formation 
of  the  complex  compounds,  Cd(NC%)2  •  2KNOi,  CdfNQslj  • 
•  2RbNO,,  Cd(NOs)2  *  2CSNO3,  Cd(NOj)j  •  2TlNOi,  etc., 
the  process  of  crystallization  of  the  components  from 
the  melt  is  considerably  complicated.  This  also  may 
properly  explain  why'melts  containing  the  nitrates  of 
calcium  and  cadmium  in  binary  or  ternary  combinations 
with  the  nitrates  of  potassium,  rubidium,  thallium  and 
silver,  i.e.,  in  all  cases  when  a  chemical  compound  of 
the  double  salt  type  is  formed,  tend  toward  supercool¬ 
ing,  have  a  high  viscosity,  and  form  vitreous  masses  only 
at  definite  concentrations  of  the  components. 

Investigating  vitrification  from  the  point  of  view 
of  the  concentrations  of  the  nitrate  components,  we 
found  that  vitrification  is  affected  by  component  con¬ 
centrations  which  correspond  to  the  composition  of  the 
chemical  compounds  formed,  or  correspond  to  the 
Fig.  7.  Projection  of  the  crystallization  surface  of  the  crystallization  branch  of  these  compounds  on  the  fusi- 
system  on  the  basis  of  a  prism.  bility  curve,  and  the  molecules  lying  adjacent  to  it; 

thus,  as  a  rule,  on  the  diagram  of  the  ternary  system 
of  nitrates,  the  position  of  the  area  of  vitrification  agrees  with  the  position  of  the  area  of  crystallization  of  the 
complex  compound,  sometimes  exceeding  it  only  in  size. 

A  difference  was  observed  in  the  investigations  of  the  binary  systems  of  the  nitrates  of  lithium,  calcium  and 
cadmium  in  melts.  The  components  in  the  binary  and  ternary  combinations  mentioned  form  only  eutectics.  A 
similar  phenomenon  occurred  in  the  binary  and  ternary  systems  of  the  nitrates  of  the  metals  of  the  first  group  of 
the  D.  I.  Mendeleev  periodic  system,  in  combination  with  the  nitrates  of  strontium  and  barium.  In  neither  system 
did  we  observe  supercooling,  nor  an  increase  of  viscosity  of  the  melt,  not  vitrification.  It  is  also  interesting  to  ob¬ 
serve  diat  in  such  binary  systems,  the  position  of  the  eutectic  on  the  fusion  diagram  is  found  to  be  in  complete 
agreement  with  the  rule  that  we  discussed  earlier  [7]. 
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Fig.  6.  Projection  of  the  joint  crystallization  lines  of  the 
ternary  system  onto  the  cesium-nitrate— thallium  nitrate 
side. 
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Properly  we  turn  our  attention  to  the  inadeqvKtely  grounded  assertion  of  G.  Tamman  [8]  that  the  conditions 
promoting  the  transition  of  a  substance  to  the  vitreous  state  depend  only  on  the  rate  of  cooling,  die  rate  of  growth 
and  the  number  of  crystallization  centers  forming,  in  our  studies  it  was  shown  that  at  the  same  rate  of  cooling, 
vitrification  was  not  observed  m  all  cases,  but  only  at  definite  concentrations  and  combinations  of  components.  In 
the  first  place,  we  assume  that  vitrification  is  determined  by  the  physico* chemical  nature  of  the  components, 
their  capacities  for  complex  formation  and  association  of  the  molecules.  In  connection  with  this,  it  appeared  at 
such  concentrations  of  the  initial  substances  as  were  required  for  formation  of  complexes  of  the  double  salt  type. 
From  dlls  [>oint  of  view,  vitrification  is  a  result  of  complex  formation  of  the  salts  in  the  melts  and  the  complex 
particles  bound  to  them,  hamperingthe  construction  of  die  crysul  lattice  and  the  occunence  of  crystallization. 

SUMMARY 

1.  It  was  found  that  the  nitrates  of  thallium  and  cesium  react  chemically  with  cadmium  nitrate  in  melts, 
and  form  the  chemical  compounds:  CdfNQs)*  •  2TlNOs  having  a  transition  point  at  105®,  and  Cd(NOs)2  •  2CsNC)s 
melting  at  178®. 

2.  It  was  shown  that  cesium  nitrate  gives  a  continuous  series  of  solid  solutions  with  thallium  nitrate. 

3.  The  ternary  system  of  the  nitrates  of  cesium,  thallium  and  cadmium  was  investigated,  and  it  was  found 
that  there  are  two  invariant  composition  points':  a)  at  31%  thallium  nitrate,  17.2%  cesium  nitrate,  51.8%  cadmium 
nitrate,  and  a  m.p.  of  108”;  and  b)  at  35.5%  thallium  nitrate,  16.1%  cesium  nitrate,  48.4%  of  cadmium  nitrate,  and 
a  m.p.  of  84®. 

In  the  system  there  were  four  areas  of  crystallization:  cadmium  nitrate,  the  area  of  crystallization  of  which 
was  22.32%  of  the  total  area  of  the  triangle;  an  isomorphic  mixture  of  the  nitrates  of  cesium  and  thallium-*  68.68%; 
the  chemical  compound  Cd(NOi)j*2CsNOs—  7.35%  and  the  chemical  compound  Cd(NOi)2  *2x^05“  1.65%. 

4.  It  was  shown  that  in  all  the  binary  and  ternary  systems,  containing  the  nitrates  of  the  metals  of  the  first 
and  second  groups  of  die  D.  I.  Mendeleev  periodic  system,  whidh  enter  into  chemical  reaction  -*  the  phenomena  of 
supercooling,  increase  of  viscosity  and  vitrification  are  genetically  connected  and  appear  to  be  qualitative  manifes¬ 
tations  of  the  chemism  in  the  melts  during  formation  of  complex  compounds  of  the  double  salt  type. 
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REACTIONS  IN  MELTS  OF  THE  NITRATES  AND  NITRITES  OF  THE  METALS  IN  THE 


FIRST  AND  SECOND  GROUPS  OF  D.  I,  MENDELEEVS  PERIODIC  SYSTEM 
XVII.  INVESTIGATION  OF  THE  TERNARY  SYSTEM  OF  THE  NITRATES  OF  RUBIDIUM.  CESIUM  AND  CALCIUM 

P.  I.  Piotsenko  and  Z.  I.  Belova 

In  this  work,  judging  ffom  the  literature  sources  known  to  us,  we  have  demonstrated  for  the  first  time  die 
behavior  of  the  nitrates  of  rubidium,  cesium  and  calcium,  present  simultaneously  in  fusions.  In  the  combination 
indicated,  the  nitrates  of  the  metal  ions  are  characterized  by  common  structures,  i.e.,  they  have  electron  shells 
of  the  inert  gas  type,  and  therefore,  they  also  possess  an  isotroplsm  of  ituiic  field  forces. 

The  ions  of  rubidium  and  cesium,  as  univalent  ions  with  large  radii  equal  to  1.49  and  1.67,  respectively, 
and  characterized  by  substantial  coefficients  of  polarizability  —  1.49  and  2.57,  generate  extremely  small  ionic 
field  strengths  —  0.5  and  0.4 .and  are  easily  deformed  in  general,  all  the  more  so  under  such  a  polarizing  force 
as  is  created  by  calcium  ions. 

In  contrast  to  rubidium  and  cesium  ions,  calcium  ions,  as  a  result  of  their  large  double  nuclear  charge  and 
their  comparatively  small  italic  radius,  equal  to  1.06  A.  form  a  substantial  ionic  field  strength  of  1.8  [1]. 

A.  F.  Kapustinsky  and  K.  B.  Yatsimirsky  [2]  showed  that  the  thermochemical  radii  of  the  NOj  ions  making 
up  the  anionic  atmosphere  remain  almost  unaltered,  and  equal  approximately  1.89  A,  in  the  different  nitrates, 
and  that  because  of  this,  the  ionic  field  which  they  create  is  little  changed;  in  such  a  case,  an  investigation  of 
the  interactions  among  the  nitrates  in  melts  may  be  reduced  to  a  consideration  of  the  interactions  among  the 
field  forces  of  the  cations. 

EXPERIMENTAL 

Binary  systems.  The  binary  systems  RbNOjjCsNOs,  Ca(NQs)2jRbNQs  and  CafNQjji  jCsNOj,  constituting  the 
sides  of  the  concentration  triangle,  were  investigated  for  the  first  time  by  us. 

In  the  binary  system  rubidium  nitrate— cesium  nitrate,  the  components  give  a  continuous  series  of  solid 
solutions.  In  the  binary  systems  calcium  nitrate— rubidium  nitrate  and  calcium  nitrate- cesium  nitrate,  formation 
of  the  chemical  compounds  CafNQgjj  *  RbNO^  and  Ca(NO^)2  *  CsNO^  occurs. 

The  ternary  system.  In  accordance  with  the  principle  following  &om  the  theory  of  ternary  systems  [3,  41 
and  also  proceeding  from  the  type  of  melting  point  diagrams  of  the  binary  systems,  constructed  on  the  basis  of  a 
triangle,  it  was  possible  beforehand  to  represent  the  form  of  the  liquidus  area  of  the  ternary  system  for  which,  in 
the  simplest  case,  one  should  expect  the  appearance  of  an  area  of  isomorphic  mixtures  of  rubidium  and  cesium 
nitrates,  two  areas  of  chemical  compounds  Ca(NO^)2  *  RbNQs  and  CafNO^jj  *  CsNOs.and  an  area  of  the  pure  com¬ 
ponent,  Ca(NOs)2;  moreover,  this  does  not  exclude  the  possibility  of  complications  of  the  liquidus  area,  which 
may  be  expressed  by  die  decomposition  of  die  solid  solutions,  the  appearance  of  polymorphic  modifications  of  the 
pure  components  and  the  formation  of  new  phases,  particularly  triple  compounds,  within  the  system. 

In  order  to  investigate  the  liquidus  area  of  this  system,  12  sections  were  studied.  The  first  10  sections  were 
arranged  in  directions  from  the  calcium  nitrate— cesium  nitrate  side  of  the  triangle  to  the  rubidium  nitrate  apex; 
section  XI  was  situated  in  a  direction  from  the  rubidium  nitrate— calcium  nitrate  side  to  the  cesium  nitrate  apex; 
and  section  XU  proceeded  parallel  to  the  base  of  the  triangle.  The  positions  and  directions  of  aU  the  sections  are 
shown  in  Fig.  1.  and  the  composition  transition  {loints  and  the  melting  points  corresponding  to  them  are  reported 
in  the  Table.  The  liquidus  curves  of  all  the  sections  are  presented  in  Figs.  2,  3,  4,  and  5.  A  projection  of  the 
liquidus  area  of  the  ternary  system  is  shown  inTig.  6.  The  isotherms  were  carried  out  for  every  20*.  An  orthogonal^ 
projection  onto  the  rubidium  nitrate— cesium  nitrate  side  of  the  triangle  is  illustrated  in  Fig.  7. 

From  the  projection  of  the  Isotherms  of  the  liquidus  areas  it  is  evident  that  the  system  components  form 
three  crystallization  areas:  calcium  nitrate,  occupying  16.38<7ft  the  solid  solutions  having  the  chemical  compositions, 
Ca(N03)2  •  RbNC^  and  Ca(NOj)2  •  CsNQs  —  20. IB*^  and  the  solid  solution  of  rubidium  nitrate  and  cesium  nitrate  —  63,46%. 


TABLE 


Section  No. 

Equimolecular  per  cent  | 

M.p.  of  the  transi- 

RbNO, 

CsNOs 

I  Ca(NOs)i 

tion  points 

tb** 

37.0 

3.2 

59.8 

212.0* 

59.0 

2.2 

38.8 

128.0 

C  a 

"lb 

35.3 

6.5 

58.2 

112.5 

57.8 

4.0 

38.2 

125.0 

(b 

26.3 

14.9 

58.8 

227.0 

53.0 

9.5 

37.5 

130.0 

-  [b 

16.0 

25.2 

58.8 

230.0 

45.5 

16.5 

38,0 

130.0 

V 

41.0 

20.5 

38.5 

132.0 

VI 

28.0 

32.5 

39.5 

145.0 

VII 

5.0 

52.4 

42.6 

176.0 

[b 

20.0 

20.0 

60.0 

227.0 

14.0 

44.5 

41.5 

168.0 

Note;  Section  XII  was  constructed  from  the  experimental  data  of  all  the  remaining  sections. 
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Fig.  1.  Direction  and  position  of  the  sections  in  the  ternary  system. 


•  Composition  of  the  first  transition  point. 

*•  Composition  of  the  second  transition  point. 
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Fig.  2.  Internal  sections.  I)  95*^0  Ca(NOj)j  +  5<7o 
CsNOs)2  — ^(RbNO^)j;  II)  90%Q(N05)2  + 

(CsNQs), — (RbNOs)i;  III)  80<yo  Ca(NOs)j  +  2QPlo 
(CsNQs)?— (RbNOs)i. 


Fig.  3.  Internal  sections.  IV)  70*70  Ca(NOs)i  +  30% 
(CsN03)2  — ►  (RbNOs)i:  V)  65'^Ca|IO,)j  +  3Sflh 
(CsNOa)^  — ^(RbNOi)i;  VI)  55*%  CaCNOj)*  +  45*% 
(CsNOjji  — ►(RbNOj)*. 


The  solid  solutions  formed  by  rubidium  and  cesium  nitrates,  appear  to  be  extremely  stable,  with  no  indica> 
tions  of  decomposition  in  the  temperature  interval  studied. 

Particular  attention  should  be  directed  to  the  area  of  solid  solutions  having  the  chemical  combinations 
Ca(NP3)2  *RbNOj  and  Ca(NQ|)2  <  CsNQs,  which  represent  wide  bands  (zonesX  separating  the  triangle  into  three 
parts.  As  a  result,  a  "zonal"  type  of  structural  diagram  is  obtained  for  the  ternary  system.  A  similar  type  of  ter¬ 
nary  system  was  described  earlier  by  one  of  us.  together  with  N.  P.  Popovskaya  [5]. 

It  should  be  noted  that  the  indices  of  refractlon.which  generally  characterize  the  physico-chemical  and  crys- 
tallo-optical  nature  of  a  substance,  in  the  present  case  of  the  nitrates  of  rubidium,  cesium  and  calcium  in  particu¬ 
lar,  are  very  close  together,  and  equal  1.52,  1.55  and  1.49,  respectively. 


It  would  be  possible,  proceeding  from  the  values  of  the  indices  of  refraction,  to  expect  to  obtain  solid  solu¬ 
tions  also  in  the  rubidium  nitrate— calcium  nitrate  and  cesium  nitrate— calcium  nitrate  systems.  However,  with 
such  a  combination  of  components,  a  second  factor  appears  —  the  large  polarizing  action  of  the  calcium  ions  toward 
rubidium  and  cesium  ions.  The  latter  are  readily  deformed,  and  as  a  result  of  the  total  action  of  stationary,  in¬ 
duced  and  temporary  dipoles,  the  chemical  compounds  Ca(N03)2  *  RbNQs  and  Ca(NO^)2  *  CsNQs  are  formed.  As  a 

result  of  the  isomorphism  of  rubidium  and  cesium  nitrates, 
the  compounds.  Ca(NOs)i  •  RbNOs  and  Ca(N08)j -CsNOs 
should  also  be  isomorphic.  These  complexes,  in  turn,  form 
a  continuous  series  of  solid  solutions,  the  crystallization 
areas  of  which  are  represented  in  the  zonal  ternary  system 
(Fig.  6). 


Fig.  4.  Internal  sections. 
55<%  (CsNOs)s-^  (RbNQs )2: 
60<%  (CsNOs)»-*“(RbNOs)*: 
75*%  (CsNOs)»-^(RbNOi),: 
90*%  (CsNQs)i->-(RbNOi)s: 
25*%  (RbNO,)*-^  (CsNQs)2. 


VII)  45<%  Ca(NQs)4 

VIII)  40*%  Ca(NOs)j 

IX)  25<%  Ca(NQs)s  + 

X)  10*%Ca(NOs)4  + 

XI)  75*%  Ca(NOs),  + 


Fig.  5.  Internal  section  Xn.  50*%  Ca(NC)s)s  +  50*%  (RbNOs)2‘ 
-  50*%  Ca(NOb)2  +  50*%  (CsNOs)*. 
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The  facts  suted  permit  one  to  express  the  following  assumption  in  general  form:  if  the  two  isomorphic  sub¬ 
stances  A  and  B  enter  separate^  into  chemical  reaction  with  component  C,  and  form  the  compounds  AC  and  BC, 
then  the  latter  also  will  be  isomorphic.  This  rule  is  confirmed  by  the  appearance  in  the  liquidus  areas,  of  solid 
solution  areas  corresponding  to  them.  On  the  other  hand,  obtaining  for  the  liquidus  area  of  the  ternary  system  a 
single  solid  solution  area,  the  formation  of  a  double  chemical  compound,  would  result  in  their  isomorphism. 

If  the  behavior  of  calcium  nitrate  in  aqueous  solutions  and  in  melts  is  compared,  then  in  those  cases  as  in 
others,  the  calcium  ions  appear  to  have  a  distinct  tendency  toward  complex  formation.  However,  in  polar  solvents 
like  water,  and  at  low  reaction  temperatures  (having  in  mind  ordinary  temperature)' more  favorable  conditions  are 
created  for  complex  formation.  In  particular,  under  such  conditions,  the  crystalline  tetra-hydrate  of  calcium  nitr¬ 
ate  forms. 

In  melts,  in  ionic  liquid  environments,  and  at  high  reaction  temperatures,  there  is  a  considerable  increase  of 
the  kinetic  energies  of  the  ions,  conditions  for  coordination  become  less  favorable,  and  therefore,  fewer  character¬ 
istic  complexes  are  produced. 

Another  distinguishing  characteristic  of  the  ternary  system  Rb.  Cs,  Ca  ||nQs  is  vitrification,  observed  during 
its  investigation.  Both  in  die  binary  systems  Ca(NPs)2  iRbNOj  and  Ca(N03)2  ICsNOj  along  the  crystallization  ' 
branches  of  die  chemical  compounds  Ca(NO))2  *  RbNOg  and  Ca(NO})2  *  CsNO^  and  in  the  ternary  system  Ca,  Rb,  Cs  || 

II  NO3  in  the  regions  adjacent  to  these  compounds,  even  with  energetic  stirring  of  the  melt,  with  seeding,  and  with 
slow  cooling,  an  increase  of  viscosity,  supercooling  and  vitrification  took  place.  It  is  characteristic  both  here  and 
in  many  systems  described  earlier,  that  vitrification  is  observed  only  when,  other  conditions  remaining  equal,  the 
components  react  chemically.  Vitrification  in  the  nitrate  systems,  in  the  first  place,  depended  on  the  physico¬ 
chemical  nature  of  the  components.  One  should  consider  it  as  a  qualitative  manifestation  of  chemical  interaction 
among  them.  The  increase  of  viscosity  and  the  occurrence  of  supercooling  are  forefunners  of  vitrification,  are 
genetically  connected  to  the  latter,  and  in  turn  appear  to  be  external  manifestations  of  the  metastable  state  of  the 
system,  which  differs  from  a  thermodynamically  unstable  system;  therefore,  under  favorable  conditions,  that  is: 
"training”*  the  melt,exposing  it  to  temperatures  close  to  the  crystallization  temperature,  energetic  agitation  and 
rubbing  the  walls  of  the  vessel  with  a  stirring  rod,  by  seeding,  by  eliminating  superheating,  and  by  slowing  the  rate 


5SI^ 


Fig.  6.  Projection  of  the  crystallization  area  of  the  system  on  the  basis  of  a  triangle. 


•  By  this  term  is  meant  a  repeated  heating  and  cooling  of  a  melt  of  the  same  composition. 
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Fig,  7.  Orthogonal  projection  of  the  curve  of  joint 
crystallization  onto  the  RbNOs-CsNOs  side. 


of  cooling,  crystals  appear,  and  the  melt  crystallizes. 

Under  such  conditions  the  potential  energy  of  the  mole¬ 
cules  of  the  chemical  compounds  decreases  to  minimum 
values,  and  the  system  changes  from  the  metastable  to 
the  stable  condition.  Unusual  forcii^  [6]  of  die  crystalli¬ 
zation  of  the  components  produces  complexities  and  bulki¬ 
nesses  in  the  CafNOs)^  ’  RbNOj  and  Ca(NOi)2  •  CsNOj  mole¬ 
cules.  impeding  their  proper  arrangement  in  the  crystal 
lattices  in  the  fusion;  moreover,  the  association  of  the 
molecules  at  temperatures  close  to  the  crystallization 
temperature,  is  of  important  significance. 

SUMMARY 

1.  We  confirmed  the  formation  in  melts  of  the 
chemical  compounds  CafNOs):  *  RbNOs  and  CafNOgji  *  CsNOs, 
which  we  established  earlier. 


2.  We  obtained  a  diagram  for  the  ternary  system  of  rubidium,  cesium  and  calcium  nitrates,  characterized 
by  the  presence  of  zones  of  formation  of  isomoridiic  mixtures  of  the  chemical  compounds  Ca(NO^^  *  RbNOg  and 
Ca(NO,)2  •  CsNOj. 

3.  It  was  shown  that  if  two  isomorphic  components,  for  example  A  and  B  enter  separately  into  chemical 
reaction  with  component  C.  and  form  the  compounds  AC  and  BC.  the  latter  also  will  be  isomorphic. 
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PHYSICO-CHEMICAL  INVESTIGATION  OF  THE  REACTION  OF 
TITANIUM  TETRACHLORIDE  WITH  THE  ESTERS  OF  MONOBASIC  ACIDS 

V.  REACTION  OF  TITANIUM  TETRACHLORIDE  WITH  n-PROPYL  ACETATE  AND  n- BUTYL  ACETATE 
O.  A.  Osipov,  Yu.  A.  Lysenko  and  E.  K.  Akopov 


Oui  previous  investigations  [1,  2,  3]  showed  that  titanium  tetrachloride  reacts  with  esters  of  monobasic  acids, 
with  the  formation  in  the  liquid  phase  of  compounds  having  the  compositions  TiClj*  E  and  TiCl^*  2E  (where  E  is 
the  ester  molecule);  the  compound  of  the  first  type  is  more  characteristic  of  the  complexes  of  titanium  tetrachlor¬ 
ide  with  acetates,  whereas  tin  tetrachloride  reacts  with  the  double  molecule  of  the  ester. 

We  attempted  to  account  for  this  fact  by  the  differences  in  the  values  of  the  tetrahedral  covalent  radii  of 
titanium  and  tin.  and  also  indicated  a  possible  steric  hindrance,  apparently  arising  in  the  case  of  the  bulky  alco¬ 
hol  radicals.  In  order  to  elucidate  the  nature  of'the  effect  of  the  alcohol  radical  in  the  acetate  molecule  on  its 
reaction  with  titanium  tetrachloride,  we  studied  tire  systems  titanium  tetrachloriue-'n-propyl  acetate  and  titan¬ 
ium  tetrachloride"*n-butyl  acetate,  with  respect  to  viscosity,  density  and  electrical  conductivity. 

In  order  to  obtain  more  conclusive  data  on  the  chemism  between  the  components  studied,  we  also  determined 
the  heat  of  mixing  for  the  system  titanium  tetrachloride— n- propyl  acetate’.  The  results  of  the  determination  of 
the  heat  of  mixing  for  the  system  titanium  tetrachloride— n-butyl  acetate  were  published  earlier  [4].  The  methods 
of  measuring  the  specified  properties  were  described  in  previous  reports  [1,  4]. 

EXPERIMENTAL 

System  titanium  tetrachloride— n-propyl  acetate.  For  the  investigation,  c.p.  titanium  tetrachloride  and 
n-propyl  acetate  were  used.  The  normal  propj^l  acetate,  after  prolonged  drying  over  calcium  chloride,  was  dlst 
tilled  twice.  The  fraction  having  a  b.p.  of  101.3-102*.  dj*  0.8859,  n|)  1.3842  was  used  for  the  work. 

In  Fig,  1  are  the  results  of  the  measurement  of  the  heats  of  mix¬ 
ing  at  23*.  expressed  in  kcal  per  mole  of  mixture.  The  determination 
of  the  heat  of  mixing  for  the  present  system  at  23*  by  the  method  used 
[4]  was  possible  because  of  the  strong  supercooling  of  the  mixture  dur- 
ingsits  formation.  On  the  heat  of  mixing  curve  there  is  a  sharply  ex¬ 
pressed  maximum  conesponding  to  an  equimolecolar  ratio  of  the  com¬ 
ponents.  Moreover,  there  is  a  break  on  the  curve  conespondlng  to  64 
mole  fo  of  n-propyl  acetate,  for  which  the  reproducibility  in  diis  region 
decreases  somewhat.  The  viscosity,  density  and  electrical  conductiv¬ 
ity  were  measured  at  70  and  80*.  Selection  of  the  temperatures  speci¬ 
fied  was  determined  by  the  appearance  of  crystals  at  temperatures  be¬ 
low  70*.  and  by  partial  resinification  of  the  fusions  at  80-90*.  In  Fig,  2 
(I  and  II)  are  the  results  of  the  viscosity  measurements,  expressed  in 
centipoises.  On  the  viscosity  isotherms  diere  are  sharply  expressed  ’  . 
maxima,  at  52  mole  ^  of  n-propyl  acetate  at  70*  and  at  54  mole-**!^ 
at  80*.  The  observed  maxima  on  the  viscosity  isotherms,  displaced 
along  the  composition  axis  by  a  rise  in  temperature,  indicate  the  for¬ 
mation  in  the  system  of  the  compound  TiC^*  •  CHjCOOCsH7,  dissocia  - 
ted  in  the  liquid  phase.  Therresults  of  the  calculation  of  the  relative 
and  absolute  temperature  coefficients  of  the  viscosity,  presented  in 
Fig.  2  (III  and  IV).  confirm  the  formation  of  the  compound' TiCl4*  CHsCOOCsHyiin’^lhe  system.  Besides  the  maxima 
on  the  curves  of  the  absolute  and  relative  temperature  coefficients  of  viscosity,  corresponding  almost  to  the  com¬ 
position  of  the  1:1  compound,  on  the  branch  of  the  curve  adjacent  to  the  ester,  there  is  a  break  conespondlng  to 
66  mole  %  of  n-propyl  acetate.  The  latter  break  is  especially  outstanding  on  the  curve  of  the  relative  temperature 
coefficient  of  the  viscosity  (Fig.  2,  in). 
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Fig.  1,  Heats  of  mixing  of  the  system 
TiCl4-CH3COOC3H7. 


In  Fig.  3  are  the  results  of  the  density  measurements  at  70  and  80*  (I  and  II).  A  considerable  reduction, 
occurring  at  40-50  mole  Yoof  n- propyl  acetate,  sharply  indicates  the  expressed  chemism  between  the  components; 
however,  on  the  density  curves,  both  points  indicating  the  formation  of  compounds  ate  absent,  which  might  have 
explained  the  low  sensitivity  of  the  density  as  a  property. 


Fig.  2.  Viscosity  isotherms  of  the  system 
TiCl4-CHjCOOCsHT.  I)  70*;  II)  80*;  III)  relative  tem¬ 
perature  coefficient  of  viscosity;  IV)  absolute  tempera¬ 
ture  coefficient  of  viscosity. 


The  results  of  the  electrical  conducitivity  mea¬ 
surements  presented  in  Fig.  4  confirmed  the  results  of 
the  preceding  determinations.  The  electrical  conduc¬ 
tivity  isotherms  have  3  maxima  and  2  minima,  corres¬ 
ponding  to  52 -mole  %  n-propyl  acetate  and  68  mole  "lo 
n-propyl  acetate,  which  confirms  the  formation  in  the 
system  of  the  compounds:  TiCl4  •  CHsCCXX^sHy  and 
TiCl4  •  2CHjCOOCsH7  (Fig.  4.  II  and  UI).  which  were 
dissociated  in  the  liquid  phase.  Apparently,  the  con¬ 
siderable  decrease  of  the  viscosity  with  an  increase  of 
the  temperature  causes  the  smoothing  out  of  the  minima 
observed  on  the  electrical  conductivity  isotherms  at  80*. 
In  Fig.  4  (V  and  IV)  are  presented  the  curves  of  the  abso¬ 
lute  and  relative  temperature  coefficients  of  the  electr¬ 
ical  conductivity,  the  form  of  which  confirms  the  forma¬ 
tion  in  the  system  of  the  two  compounds  indicated  above. 
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Fig.  3.  Density  isotherms  of  the  system 
TiCl4-CH3COOC3H7.  I)i70*;  II)  80*. 


The  electrical  conductivity  curve  depicted  in  Fig.  4  (I), 
calculated  by  us  for  70*,  proceeds  through  a  sharp  » 
maximum,  corresponding  almost  to  an  equimolecular  proportion  of  the  components,  and  confirming  once  again 
the  formation  of  the  compound  TiCl4-  CH3COOC3H7. 


Thus,  comparison  of  the  results  of  the  study  of  all  the  properties  considered  above  proves  that  in  the  sys¬ 
tem  titanium  tetrachloride -‘n-propyl  acetate,  together  with  the  compound  TiCl4*  CH3COOC3H7,  there  occurs 
the  formation  of  the  compound  of  the  composition  TiCl4 ' 2CH3COC)C3H7,  which  is  dissociated  in  the  liquid  phase. 

System  titanium  tetrac  htoride— n-butyl  acetate.  For  the  investigation,  we  used  c.p.  n -butyl  acetate,  dried 
for  a  long  time  over  calcium  chloride,  after  which  it  was  distilled  twice,  and  for  the  work  the  fraction  boiling 
within  the  range  124.8-125.1*.  dj*  0.8818,  nf)  1.3950,  was  taken. 

The  viscosity,  density  and  electrical  conductivity  were  measured  at  70,  80,  85  and  90*.  These  tempera¬ 
tures  were  chosen  on  the  same  basis  as  those  for  the  jweceding  systems.  The  results  of  the  viscosity  measurements 
are  presented  in  Fig.  5  (I,  II.  Ill,  IV).  The  viscosity  isotherms  proceed  through  maxima,  corresponding  to  55 
mole  of  n-butyl  acetate,  which  indicates  the  formation  of  a  compound  having  the  composition'IlCl4!'CIj3COOC4H9, 
which  is  dissociated  in  the  liquid  phase.  An  increase  of  the  temperature  leads  to  considerable  dissociation  of  the 
compound  formed,  which  is  indicated  by  a  smoothing  out  of  the  maxima  observed  on  the  viscosity  isotherms  with 
a  rise  in  temperature.  The  results  of  the  calculations  of  the  absolute  and  relative  temperature  coefficients  of  the 
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viscosity,  given  in  Fig.  5  (VI  and  V).  confirm  the  formation  of  the  indicated  compound  in  the  system.  The  curve 
of  the  absolute  temperature  coefficient  has  a  maximum  corresponding  to  52  mole  of  n-butyl  acetate.  At  60 
mole  %  of  n-butyl  acetate,  a  sharp  break  is  observed  on  the  curve.  On  the  curve  of  the  relative  temperature 

coefficient  of  viscosity  there  was  a  similar  break,  whidi 


Fig.  4.  Electrical  conductivity  isotherms  of  the  system 
TiCl4— CH3COOC3H7.  I)  Calculated  electrical  conduc¬ 
tivity;  II)  80*;  III)  7  0*:  IV)  relative  temperature  coeffi¬ 
cient  of  electrical  conductivity;  VJ  absolute  tempera¬ 
ture  coefficient  of  electrical  conductivity. 


Fig.  5.  Viscosity  isotherms  of  the  system  TiCl4~ 
-CH5C0C)C4H,.  I)  70*;  II)  80*;  III)  85*;  IV)  90*; 
V)  relative  temperature  coefficient  of  viscosity 
(y'»9-i5*):  VI)  absolute  temperature  coefficient  of 
viscosity  (yjg-w). 


pound  of  composition  TiCl4 ' 2CH3COCX:4H*,  which  was  highly  dissociated  in  the  liquid  phase. 

The' results  of  the  determination  of  the  density  at  80*  are  presented  in  Fig,  6.  Because  of  the  negligible 
temperature  coefficient  of  the  density,  we  did  not  carry  out  isotherms  at  70,  85  and  90*.  since  they  almost  coincide 
with  each  other.  It  folhows  from  Fig.  6  that  in  the  given  system  a  rather  appreciable  decrease  in  density  occurs  in 
the  region  of  45-60  mole  %  n-butyl  acetate,  which  confirms  the  significant  chemism  between  the  components. 

The  results  obtained  from  the  measurements  of  the  specific  electrical  conductivity  are  shown  in  Fig.  7. 

The  electrical  conductivity  isotherms  at  80,  85  and  90*  (Fig.  7,  III,  II,  I)  represent  curves  having  two  maxima  at 
45  and  52  mole  %  n-butyl  acetate,  and  a  minimum  corresponding  to  50  mole  n-butyl  acetate.  On  the  specific 
conductivity  isotherm  at  80*  there  is  a  break  conesponding  to  67  mole  %  n-butyl  acetate.  Such  a  break  is  espec¬ 
ially  noticeable  on  the  completed  part  of  the  70*  isotherm  (Fig.  7,  IV).  On  the  specific  electrical  conductivity 
isotherm  at  85*  in  the  region  corresponding  to  the  composition  of  the  compound  TiCl4  *  2CH3COOC4HJ,  there  is 
only  a  discontinuity,  which  indicates  the  dissociation  of  this  compound  at  85*.  The  effect  of  the  temperature  on 
the  dissociation  of  the  compound  TiCl4 *  2CH3COOC4Hg  is  especially  indicated  by  the  character  of  the  isotherm 
at  90*,  a  considerable  smoothing  out  of  the  discontinuity  being  observed,  at  67  mole  ^of  n-butyl  acetate.  The 
resiitsof  the  calculation  of  the  absolute  and  relative  temperature  coefficients  are  given  in  Fig.  7  (VII  and  VI). 

Here  also  are  given  the  electrical  conductivity  results.  The  curves  of  the  absolute  and  relative  temperature  coe 
efficients  of  the  specific  electrical  conductivity  have  two  sharply  expressed  maxima,  corresponding  to  50  mole  ’’h 
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Fig.  6.  Density  isotherm  of  the  system 
TiCl4-CHjCOOC4H,. 

n-butyl  acetate.and  67  mole  ‘Von-bu^i  acetate.’which 
confirms  the  formation  in  the  system  of  the  two 
compounds  of  the  compositions:  TiCl4‘  CH3COOC4H9 
and  TiCl4*2CHjCOOC4H9,  The  electrical  conduc¬ 
tivity  curve,  calculated  for  85*.  passes  through  a 
maximum  corresponding  to  52  mole-^  n-butyl 
acetate,  which  also  indicates  the  formation  in  the 
system  of  a  compound  of  1:1  composition  (Fig.  7, 

V). 

The  results  obtained  in  the  investigation  of  Fig.  7.  Electrical  conductivity  isotherms  of  the  system 

the  viscosity,  density  and  electrical  conductivity  TiCl4~CHjCOC)C4H9.  I)  90*  II)  85*;  III)  80*;  IV)  70*; 

of  die  system  titanium  tetrachloride-n-butyl  V)  calculated  electrical  conductivity  for  85*;  VI)  rela- 

acetate,  enable  us  to  conclude  that  in  the  system  tive  temperature  coefficient  of  electrical  conductivity 

the  two  compounds,  TiCl4’  CHsCC)OC4H|  and  (“’so-so*):  VII)  absblute  temperature  coefficient  of 

TiCl4 '2CHsCOCX^4H3,  which  dissociate  in  die  electrical  conductivity  (“so-so*)* 

liquid  phase,  are  formed  and  the  latter  compound 

TiCl4*2CHsCOOC4H3  displays  a  comparatively  lower  thermal  stability.  This  conclusion  is  found  to  be  in  complete 
agreement  with  the  results  of  the  determination  of  the  heat  of  mixing  for  the  present  system,  which  we  carried  out 
somewhat  earlier  [4]. 

As  oureexperimental  data  show,  titanium  tetrachloride  reacts  with  n-butyl  acetate  and  n- propyl  acetate  with 
die  formation  of  compounds  of  the  type:  TiCl4*E  and  TiCl4*2E:  moreover,  the  thermal  stability  of  the  compound 
of  the  second  type  is  shown  to  be  somewhat  less  than  that  of  the  compound  TiCl4’  E  and  decreases  according  to 
the  degree  of  complexity  of  the  alcohol  radical  in  the  ester  molecule.  We  assume  that  the  considerable  decrease 
of  die  thermal  stability,  on  transition  to  the  radical  leads  to  a  more  complete  dissociation  at  60-70*  of  the 
compound  TiCl4  -  2CH3COOC5HXX.  than  could  be  accounted  for  by  the  formation  in  the  liquid  phase  of  only  the 
compound  TiCl4 '  CH3COOC5HU.  in  the  case  of  the  reaction  of  titanium  tetrachloride  with  Isoamyl  acetate  [1]. 
Such  a  dissociation,  apparently,  occurs  at  97-102*  for  the  reaction  of  titanium  tetrachloride  with  ethyl  acetate  [3]. 

Thus,  the  results  of  our  Investigation  confirm  the  hypothesis  1  that  we  advanced  earlier. 

SUMMARY 

1.  The  viscosity,  density  and  electrical  conductivity  for  the  system  titanium  tetrachloride— n- propyl  aceute 
were  measured  at  70  and  80*.  and  for  the  system  titanium  tetrachloride— n-butyl  acetate,  at  70,  80,  85  and  90*. 

2.  The  heat  of  mixing  for  the  system  titanium  tetrachloride— n-propyl  acetate  was  determined. 
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3,  It  was  found  that  titanium  tetrachloride  forms  compounds  of  the  composition  TiCl4‘  CHsCOOCsH^  and 
TiCl4  •CHSCOOC4HJ  with  n-propyl  acetate  and  n-butyl  acetate. 

4,  It  was  shown  that  titanium  tetrachloride  yields,  with  n-propyl  acetate  and  n-butyl  acetate,  together  with 
compounds  of  the  TiCl4*E  type,  also  compounds  of  the  TiCl4*2E  type,  the  stability  of  which  decrease  with  the 
complexity  of  the  alcohol  radical  in  the  ester  molecule. 

5,  A  new  confirmation  was  obtained  for  the  hypothesis  that  we  advanced  earlier  with  respect  to  the  effect 
of  the  alcohol  radical,  in  the  ester  molecule,  on  the  composition  of  the  compounds  obtained. 
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ELECTRICAL  CONDUCTIVITY  OF  THE  SYSTEMS 
ALUMINUM  CHLORIDE-ACET AMIDE-NITROBENZENE  AND 
ALUMINUM  CHLORIDE-UREA-NITROBENZENE 

B.  Ya,  Rabinovich  and  A.  G.  Ponomarenko 


Investigation  of  nitrobenzene  solutions  of  aluminum  chloride  with  acetamide  and  urea,  by  the  method  of 
measuring  the  specific  gravities  and  viscosities  [1],  and  also  by  cryoscopic  measurements  of  the  system  aluminum 
chloride— acetamide-nitrobenzene  [2],  showed  that  aluminum  chloride  in  nitrobenzene  solution  with  acid  amides 
forms  complex  compounds  of  the  compositions  Aids  -  CHsCONH2  and  Aids*  CO(NH2)2. 

Nitrobenzene  solutions  of  aluminum  chloride  conduct  the  electric  current.  The  electrical  conductivities 
of  these  solutions,  within  a  concentration  range  of  0r25%  by  weight  of  aluminum  chloride,  were  measured  at  18* 
by  V.  A.  Plotnikov  and  I.  Mi  Podorvan  [3],  and  at  25*  by  V.  A.  Plomikov  and  R.  G.  Vaisberg  [4].  The  specific 
electrical  conductivity  isotherm  develops  a  maximum  at  a  concentration  of  approximately  14<^  aluminum  chloride. 
The  specific  electrical  conductivity,  corresponding  to  the  maximum,  was  equal  to  1.5*  10/'*  cm'^.  The 

molecular  electrical  conductivity  increases  with  dilution  of  the  solution,  approaching  the  limiting  value  of 
4.50  '^  •  cm^.  . 

The  electrical  conductivity  of  the  system  aluminum  chloride— nitrobenzene  depended  on  the  formation  of 
an  ionized  nitrobenzene  complex  of  aluminum  chloride.  According  to  data  from  thermal  analysis,  cited  by  B.  N. 
Menshutkin  [5],  aluminum  chloride  forms  two  compounds,  Alda  *2C«HaN02  having  a  m.p.  of  25.5*  and 
Alda ’CaHaNOz,  having  a  m.p.  of  90*,  with  nitrobenzene. 

Thus,  complex  formation  in  the  nitrobenzene  solution  is  probably  connected  with  the  decomposition  of  the 
nitrobenzene  complex  and  replacement  of  nitrobenzene  in  the  internal  coordination  sphere,  or  with  the  formation 
of  a  triple  complex  compound. 

From  this  point  of  view,  it  is  of  interest  to  investigate  the  changes  of  the  electrochemical  properties  of 
nitrobenzene  solutions  on  addition  of  a  third  component,  which  enters  into  complex  formation  with  aluminum 
chloride. 

Such  investigations  were  canled  out  by  V.  A,  Plotnikov  and  I.  M.  Podorvan  [3]  for  the  system  aluminum 
chloride -potassium  chloride— nitrobenzene, by  A.  M.  Ruban  [6]  for  the  system  alumimun  chloride— sodium  chlor¬ 
ide-nitrobenzene.  and  by  Van  Dyke  and  Crawford  for  the  system  containing  methyl  ether,  methyl  alcohol  or 
acetone  [7],  and  also  pyridine  or  ammonia  [8], 

Addition  of  potassium  or  sodium  chloride  to  the  nitrobenzene  solution  of  aluminum  chloride  produces  approxi¬ 
mately  a  2-10  fold  increase  of  the  specific  electrical  ccmductivity,  depending  on  the  concentration  of  the  alkali 
meul  halide. 

As  to  the  system  studied  by  Van  Dyke  and  Crawfoid  [7.  8],  the  addition  of  ether,  alcohol  or  acetone  produced 
a  decrease  of  the  electrical  conductivity  of  the  solution  ip  to  a  molar  ratio  of  organic  addend  to  AICI3  equal 
approximately  to  unity.  On  addition  of  pyridine  or  ammonia,  the  specific  electrical  conductivity  increased 
slightly  at  first,  but  on  reaching  a  molar  ratio  equal  approximately  to  unity,  a  sharp  increase  of  the  electrical 
conductivity  occurred;  in  the  system  with  pyridine,  the  electrical  conductivity  isotherm  developed  a  maximum 
at  a  molar  ratio  of  CaHfN:AlCls  =  2.  The  system  with  amnsonia  was  studied  up  to  a  molar  ratio  of  NHs;AlCls  =  1.3, 
since  a  further  increase  of  the  ammonia  concentration  causes  precipitation  of  the  complex. 

We  studied  the  effect  of  acetamide  and  urea  on  the  electrical  conductivities  of  nitrobenzene  solutions  of 
aluminuih  chloride. 

EXPERIMENTAL 

The  starting  materials  were;  aluminum  chloride,  acetamide,  urea  and  nitrobenzene,  purified  in  the  same 
way  as  described  earlier  [1]. 


TABLE  1 


System  Aluminum  Chloride— Acetamide— Nitrobenzene 
(Concentration  of  aluminum  chloride  2.6*5?)) 


No. 

CHjCONHj 

Specific  electrical  conductivity 
K  •  10^  •  cm'^ 

Temperature  coefficient 
of  electrical  conductivity 
alO’ 

AlCla 

(moles) 

25* 

35* 

1 

— 

5.0 

4.8 

-4.0 

2 

0.206 

6.2 

6.3 

1.6 

3 

0.401 

6.6 

6.8 

3.0 

4 

0.506 

7.1 

7.4 

4.2 

5 

0.611 

7.4 

7.9 

6.8 

6 

0.803 

8.3 

9.0 

8.4 

7 

0.909 

11.4 

12.5 

9.6 

8 

1.002 

12.3 

13,4 

8.9 

9 

1.107 

16.6 

18.0 

8.4 

10 

1.230 

19.5 

21.2 

8.7 

The  electrical  conductiv¬ 
ity  was  determined  in  a  vessel 
having  a  ground -glass  stopper  and 
platinized  platinum  electrodes. 

The  measurements  were  carried 
out  by  the  usual  method,  using  a 
tube  generator  with  an  optical 
indicator.  The  solutions  were 
prepared  by  the  method  of  addi¬ 
tion,  To  nitrobenzene  solutions 
of  aluminum  chloride  of  constant 
concentrations,  different  weighed 
portions  of  acetamide  or  urea  were 
added.  Because  of  the  sensitivity 
of  this  system  to  moisture,  for  each 
determination  amide  was  added  to 
a  new  portion  of  solution. 

Acetamide  and  urea  were 


difficultly  soluble  in  nitrobenzene, 

but  in  solutions  of  aluminum  chloride  their  solubilities  increased  in  proportion  to  the  aluminQm  chloride  content. 

In  our  experiments  we  added  amide  up  to  a  molar  ratio  of  RNHj'rAlCls  =  1.2.  TJ»e  electrical  conductivity  of  the 
system  aluminum  chloride— acetamide— nitrobenzene  was  determined  for  two  concentrations  of  aluminum  chloride: 
2. 6*5?)  by  weight  at  25  and  35*,  and  11.0<%  by  weight  at  18,  25  and  35*. 


The  results  of  the  measurements  are  presented  in  Tables  1  and  2,  and  graphically  in  Fig.  1. 


TABLE  2 


System  Alumimum  Chloride— Acetamide— Nitrobenzene  (Concentration  of  aluminum  chloride  11. 0«!?)) 


No. 

Specific  electrical  conductivity 
ic  •  10*  •  cm*^ 

Temperature  coefficient 
of  electrical  conductivity 
at  35-18*  a -10* 

Specific  electrical  conductivity 
at  18*,  corrected  for  vlscbsity 
k’  ’  10*  -cm"^ 

• 

00 

25* 

35* 

1 

- 

13.9 

13.9 

13.6 

-  1.3 

13,9 

2 

0.201 

14.4 

14.8 

14,9 

2.0 

14.2 

3 

0.403 

14.9 

15.7 

16.5 

6.3 

14.0 

4 

0.500 

15.1 

16.0 

17.2 

8.2 

13.1 

5 

0.602 

15.5 

16.6 

18.4 

11.0 

13.1 

6 

0.805 

16.8 

18.7 

21.5 

16.5 

13.8 

7 

0.901 

17.7 

20.0 

23.6 

19.6 

14,2 

8 

1.000 

21.2 

24.0 

28.0 

18.9 

17.9 

9 

1.120 

28.0 

31.9 

37.0 

18.9 

24.9 

10 

1.201 

33.0 

37.2 

43.5 

18.7 

30,4  • 

We  determined  the  electrical  conductivity  of  the  system  aluminum  chloride— urea— nitrobenzene  at  one  con 
centration  of  aluminum  chloride,  equal  to  7%  by  weight  at  both  18  and  30*.  The  results  of  the  measurements  are 
presented  in  Table  3  and  in  Fig.  2. 


We  calculated  die  temperature  coefficient  of  the  electrical  conductivity  by  the  formula  a  = 
where  and  are  the  electrical  conductivites  at  temperatures  tj  and  tj  for  t|  >  tj. 


f  ■■ . 


In  the  tables  are  also  given  values  of  the  specific  electrical  conductivities  at  18*,  corrected  for  viscosity, 
calculated  from  the  formula  x'  =  x*  where  Jt*  and  k  are  the  conductivity,  corrected  for  viscosity,  and  the  mea- 

T)0 

sured  conductivity,  respectively,  tjq  is  the  viscosity  of  the  nitrobenzene  solution  of  aluminum  chloride,  and  i)i  is  the 
viscosity  of  the  same  solution  after  addition  of  amide.  The  viscosity  data  for  this  system  were  presented  earlier  [1]. 


•  RNHj  =  acetamide  or  urea. 
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TABLE  3 


System  Aluminum  Chloride" Urea— Nitrobenzene  (Concentration  of  aluminum  chloride  1% 


No. 

CO(NOi)j 

Specific  electrical  conductivity 

K  •  10*  •  cm*^ 

Temperature  coefficient 
of  electrical  conductivity 
a  - 10* 

Specific  electrical  conductivity 
at  18*,  corrected  for  viscosity 
jc’  •  10* 

18* 

30* 

1 

- 

11.4 

10.8 

-  4.4 

11.4 

2 

0.200 

11.8 

11.7 

-  0,7 

11.9 

3 

0.400 

12.1 

12,7 

4.1 

12.0 

A 

0.502 

12.2 

13.3 

7.5 

12,0 

5 

0.600 

12.2 

13.7 

10.3 

11.7 

6 

0.801 

13.2 

15.4 

13.9 

12.6 

7 

0.907 

14.1 

17.0 

17.1 

13,7 

8 

1.000 

18.2 

21.9 

16.9 

17.9 

9 

1.103 

24.0 

28,9 

17.0 

25.2 

DISCUSSION  OF  RESULTS 

As  is  evident  from  the  data  given  in  Fig.  1  and  2,  the  nature  of  the  isotherms  in  both  systems  is  identical. 

On  addition  of  the  amide,  the  specific  electrical  conductivity  at  first  increased  very  slowly,  and  only  at  an  amide 
concentration  of  0.9^  1.0  mole  per  1  mole  of  AlClj  did  a  sharp  increase  of  the  electrical  conductivity  occur. 


a  JO* 


Fig.  1.  Specific  electrical  conductivity  of  the  system 
AlCl5-CHsCONH2-C,H5NOi.  I)  2.6%  AlClj:  II)  11.0%  AlCl,; 
III)  specific  electrical  conductivity;  IV)  temperature  coeffi¬ 
cient  of  electrical  conductivity. 


The  initial  insignificant  increase  of  the  elec¬ 
trical  conductivity  depended  on  a  decrease  of  the 
viscosity  of  the  system.  After  correction  of  the 
specific  electrical  conductivity  for  viscosity,  the 
isotherms  acquired  a  linear  character,  and  only  at 
a  molar  ratio  of  the  components  equal  to  approxi¬ 
mately  1;1,  did  a  sharp  increase  of  the  electrical 
conductivity  and  viscosity  of  the  system  occur. 

On  addition*  of  amide,  the  temperature  co¬ 
efficient  of  the  electrical  conductivity  increased, 
reaching  a  maximum  at  a  molar  ratio  of  amide  ; 
••Aids  ot  0. 9-1.0,  after  which  it  remained  prac¬ 
tically  constant. 

The  character  of  the  electrical  conductivity 
isotherms  confirmed  the  conclusion  which  we  ad¬ 
vanced  on  the  basis  of  a  study  of  these  systems  by 
other  physico-chemical  methods  of  analysis  .[1,  2], 
concerning  the  formation  in  the  system  of  com¬ 
pounds  having  the  compositions  Aids  *  CHsCONHs 
and  Aid,  •  CO(NH2)2. 

The  complex  compounds  of  aluminum  chlor¬ 
ide  with  acetamide  and  urea  were  more  stable  than 
the  nitrobenzene  complexes.  While  the  tempera¬ 
ture  coefficient  of  the  nitrobenzene  solution  of 
aluminum  chloride  was  negative,  the  formation 
of  the  amide  complex  was  accompanied  by  a  change 
of  sign  of  the  temperature  coefficient. 

The  decrease  of  the  electrical  conductivity 
of  the  solution  of  aluminum  chloride  with  an  in¬ 
crease  of  temperature  was  connected  with  the  de¬ 
composition  of  the  nitrobenzene  complex.  In  the 
presence  of  acetamide  or  urea,  the  replacement  of 
nitrobenzene  in  the  internal  coordination  sphere, 
in  connection  with  the  formation  of  a  more  stable 


complex,  occuired.  Apparently,  this  should  account  for  the  decrease  of  the  viscosity  of  the  nitrobenzene  solutions 
of  aluminum  chloride  after  addition  of  acetamide  or  urea  to  them. 


The  factors  determining  the  viscosity  seemed  to  be  the  size  and  mass  of  the  molecule.  The  simple  addition 
of  amide  molecules  to  nitrobenzene  compounds  of  aluminum  chloride  would  have  led  to  a  considerable  increase 
of  the  sizes  of  the  molecules,  and  consequently,  also  to  an  increase  of  die  viscosity  of  the  system.  The  replace¬ 
ment  of  the  nitrobenzene  molecule  (M  113)  by  the  almost  half-as-heavy  molecules  of  acetamide  or  urea  (M  ~  60) 
probably  also  causes  a  change  m  the  viscosity  of  the  system 


Fig  2.  The  system  AlCls-CO(NH2)2-QH5NOi 
I)  Sjjecific  electrical  conductivity;  II)  tempera¬ 
ture  coefficient  of  the  electrical  conductivity; 
III)  specific  electrical  conductivity,  corrected 
for  viscosity. 


This,  naturally,  did  not  exclude  solvation  of  the 
evolved  more  stable  amide  complexes  by  the  polar  nitro¬ 
benzene  molecule. 

The  electrochemical  investigations  of  nitrobenzene 
solutions  of  aluminum  chloride,  carried  out  by  Van  Dyke  and 
Crawford  [8,  1\  showed  that  not  only  pyridine  and  ammonia, 
but  also  such  addends  as  methyl  ether,  methyl  alcohol  and 
acetone,  form  more  stable  compounds  with  aluminum  chlor¬ 
ide,  than  does  nitrobenzene. 

Apparently,  a  complete  analogy  exists  between  the 
subilities  of  complex  compounds  of  the  aluminum  halides 
and  of  magnesium  halides,  which  were  investigated  at  length 
by  B.  N.  Menshutkin.  The  identical  electronic  structures  of 
the  magnesium  and  aluminum  ions  and  the  closeness  of  their 
chemical  properties,  in  accordance  with  their  positions  in 
the  periodic  system,  lay  down  the  conditions  also  for  the 
similarity  of  the  properties  of  their  molecular  compounds. 

According  to  B,  N.  Menshutkin  [9],  the  stability  of  the 
magnesium  halide  compounds  decreases  in  the  series;  urea  > 
>  water  >  aniline,  acetamide  >  methyl  alcohol  >  ethyl  alco¬ 
hol  >  acetone  >  ethyl  ether.  There  is  approximately  the 
same  order  of  stabilities  of  the  complex  compounds  of  the 
aluminum  halides.  Urea  complexes  of  aluminum  salts  were 
obtained  by  crystallization  from  aqueous  solutions  [10]. 


B.  N.  Menshutkin  [9]  accounted  for  the  stability  of  the  molecular  compounds  with  acetamide  and  urea  by 
the  presence  of  the  amide  group  NHj,  and  the  bonding  of  the  complex-former  with  the  addend  through  nitrogen. 
Werner  [11]  assumed  that  in  the  amide  complexes,  bonding  was  accomplished  through  the  carbonyl  oxygen. 

Comparing  the  electrochemical  properties  of  nitrobenzene  solutions  of  aluminum  chloride  with  different 
nitrogen-  and  oxygen-containing  addends,  we  found  that  systems  containing  acetamide  or  ueea  are  similar  in  their 
properties  to  solutions  containing  ammonia  or  pyridine,  but  are  different  from  systems  widi  alcohol,  ether  and 
acetone. 


The  specific  electrical  conductivity  isotherms  of  solutions  of  aluminum  chloride  in  nitrobenzene,  containing 
alcohol,  ether  or  acetone,  pass  through  a  minimum,  while  the  electrical  conductivity  isotherms  of  solutions  con¬ 
taining  acetamide  and  urea  do  not  develop  minima,  but,  like  systems  with  ammonia  and  pyridine,  increase  sharply 
at  a  molar  ratio  of  the  addend  to  AlClj  equal  approximately  to  unity.  To  a  certain  extent,  this  similarity  in  elec¬ 
trochemical  properties  seems  to  confirm  the  point  of  view  of  B.  N.  Menshutkin  concerning  the  bonding  of  the  com¬ 
plex-former  to  the  addend  in  the  amide  complex  through  the  nitrogen  of  the  amide  group. 


SUMMARY 

1,  The  specific  electrical  conductivity  of  the  system  aluminum  chloride— acetamide— nitrobenzene  was 
determined  at  18,  25  and  35*:  the  specific  electrical  conductivity  of  the  system  aluminum  chloride— urea— nitro¬ 
benzene  was  determined  at  18  and  30*. 

2.  The  specific  electrical  conductivity  at  first  increased  insignificantly  in  proportion  to  the  amount  of  acet¬ 
amide  or  urea  added,  but  at  a  concentration  of  0.9 -1.0  mole  of  amide  per  1  mole  of  AlClj,  the  electrical  conduc¬ 
tivity  increases  sharply. 
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3,  The  temperature  coefficient  of  the  electrical  conductivity  developed  a  maximum  at  a  molar  ratio  of 
AICI3 :  amide  =  1.  and  remained  practically  constant  on  further  increase  of  the  concentration  of  the  amide. 

4.  It  was  shown  that  in  nitrobenzene  solutions,  acetamide  and  urea  formed  complex  compounds  of  1:1 
composition  with  aluminum  chloride,  which  are  more  stable  than  the  nitrobenzene  complexes  of  aluminum  chlor* 
ide. 


5.  We  drew  an  analogy  between  the  stability  of  the  complex  comfMunds  of  magnesium  halides  and  those 
of  aluminum  halides.  The  problem  of  the  nature  of  the  bonding  of  the  acid  amide  to  the  complex -former  was 
discussed. 
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REDUCTION  OF  m-NITROBENZENESULFONIC  ACID  AT  THE 
DROPPING  MERCURY  CATHODE 

I.  A.  Korshunov,  L.  N.  Vertyulina  and  N.  I.  Malyugina 

At  the  dropping  mercury  cathode,  reduction  of  a  series  of  organic  substances  having  in  their  compositions 
only  one  reducible  atomic  group  or  bond,  is  often  accompanied  by  the  formation  of  several  diffusion  waves  [1]. 
The  appearance  of  two  or  more  diffusion  waves  during  the  reduction  of  such  organic  molecules  has  different  ori¬ 
gins  [2-4],  It  was  found  that  when  reduction  proceeds  in  buffer  solutions^  having  different  pH  values,  the  reduction 
potentials  of  the  individual  diffusion  waves  of  different  forms  vary  as  the  pH  changes. 

In  thepresent  work  we  investigated  the  reduction  of  m-nitrobenzenesulfonic  acid,  which  has  recently  found 
wide  use  for  the  synthesis  of  valuable  medicinal  preparations,  for  the  purpose  of  establishing  the  relationship  of 
the  nature  of  the  reduction  on  the  pH,  and  of  finding  suitable  conditions  for  the  quantitative  determination  of  this 
compound. 

EXPERIMENTAL 

We  studied  the  reduction  of  m-nitrobenzenesulfonic  acid  at  the  dropping  mercury  cathode  in  a  concentra¬ 
tion  range  from  0.4' 10"®  D— 1  jS'lO"®  M  in  buffer  solutions  having  pH  values  from  2.03  to  13.0.  For  each  buffer 
solution,  several  polarization  curves  were  obtained,  depending  on  the  concentration  of  the  m-acid  used.  Several 
of  the  polarograms  obtained  are  presented  in  Fig.  1. 


taken  in  solutions'having  different  pH  values  (sensitiv-  0  2  4fcfli0i2»4pM 

ity  1:100,  concentration  of  acid,  0,8  •  10"®  M),  1)  pH 
2.03;  2)  pH  6,24;  3)  pH  8.7;  4)  pH  9.7.  Beginning  of 

curves,  0.2  V,  Fig.  2.  Relationship  of  the  diffusion  current  to  the  pH 

values  for  different  concentrations  of  m-nitrobenzene- 

To  plot  the  polarograms,  we  used  a  dropping  sulfonic  acid.  The  continuous  line  is  for  the  first  waves, 

mercury  electrode  of  the  usual  construction,  and  a  the  broken  line  is  for  the  second  waves.  1)  Concentra- 

visual  polarograph  from  the  Gorky  Scientific -Re-  tion  8  •  10'^  Mj  2)  concentration  14.8  •  10*^  M. 

search  Institute  of  Chemistry;  the  polarograph  had  a 

galvanometer  with  a  maximum  sensitivity  of  0.55*  10"®  A  per  1  mm  of  scale  reading.  We  used  a  capillary  having 
the  following  characteristics:  the  dropping  period  was  2.8  sec.,  and  the  volume  of  mercury  flowing  out  pet  1  sec¬ 
ond  was  1.43  mg.  All  the  measurements  were  carried  out  in  a  thermostat  at  a  temperature  of  20  +  0.5*  C.  As  the 
anode,  we  usdd  a  saturated  calomel  electrode,  the  potential  of  which  was  arbitrarily’  ,  assumed  to  be  zero.  In 
order  to  remove  dissolved  oxygen,  hydrogen  was  blown  through  the  solutions  before  polarographing. 

As  the  standard  solution  of  m-nitrobenzenesulfonic  acid,  we  used  a  solution  of  its  potassium  salt,  which  is 
easily  obtained  in  the  pure  form.  Buffer  solutions,  consisting  of  a  mixture  of  phosphoric,  acetic  and  boric  acids 
and  potassium  hydroxide,  served  as  the  indifferent  electrolytes. 


The  experimental  data  obtained  showed  that  the  reduction  of  m-mtrobenzenesulfonic  acid  takes  place  at 
different  half-wave  potentials,  depending  on  the  pH  values  of  the  solutions. 

In  solutions  having  acid  to  weakly  alkaline  (pH  8.0)  reactiois,  reduction  was  accompanied  by  the  develop¬ 
ment  of  one  diffusion  wave  on  the  polarogram.  For  solutions  in  which  the  pH  values  increased  from  8.0  to  12,0, 
there  were  two  diffusion  waves.  On  further  increases  of  the  alkalinity  of  the  solutions,  the  polarograms  had  only 
one  diffusion  wave. 

In  solutions  in  which  two  diffusion  waves  developed  as  a  result  of  the  reduction,  the  ratio  of  the  diffusion 
currents  did  not  remain  constant.  The  height  of  the  second  diffusion  wave  in  solutions  having  pH  values  from 
8.0  to  9.4,  amounted  to  one- third  of  the  total  wave  height,  but  in  buffer  solutions  having  pH  values  from  9.7  to 
12.0  it  amounted  to  half  of  the  total  wave  hei^t. 

A  linear  relationship  between  the  diffusion  current  values  and  the  concentrations  of  the  sulfonic  derivative 
being  reduced  was  observed  for  all  the  buffer  solutions  studied.  This  relationship  may  be  represented  in  tlie  form 
of  the  equation  =  K£,  where  l^j  1*  diffusion  current  (in  pA)  and  £  Is  the  concentration  (in  moles). 

The  value  of  the  proportionality  coefficient  K,  differed  for  different  buffer  solutions,  and  amounted  to 
approximately  10  •  10^  pA/mole/liter.  Some  of  the  fluctuations  of  the  proportionality  coefficient  values  in  die 
equation  cited  above  depended  on  the  relationship  of  the  diffusion  current  values  of  the  nitro- derivative  being 
reduced  to  the  pH  values  of  the  solution;  this  relationship  is  illustrated  in  Fig.  2.  In  slightly  acid  and  neutral  solu¬ 
tions.  the  diffusion  current  values  pass  through  a  minimum,  occurring  at  a  pH  of  approximately  4.0.  In  the  region 
of  weakly  alkaline  solutions,  the  relationship  of  the  diffusion  current  to  pH  values  again  has  a  rather  complex  char¬ 
acter.  The  diffusion  current  of  the  first  wave  passes  through  a  minimum  at  a  pH  value  of  about  9.0,  while  the  dif¬ 
fusion  current  of  the  second  wave  proceeds  through  a  maximum.  The  maximum  value  of  the  diffusion  current  of 
the  first  wave  occurs  at  the  somewhat  large  pH  value  of  10.0. 


Fig.  3.  Relationship  of  the  half-wave  potential  of  m- 
nitiobenzenesulfonic  acid  to  the  pH.  1)  First  wave;  2) 
second  wave. 

The  complex  character  of  the  relationship  of  the 
diffusion  current  values  to  the  hydrogen  ion  concentra¬ 
tions  in  the  solutions  indicated  the  presence  of  adsorp¬ 
tion  phenomena. 


Fig.  4.  Relationship  between  the  potential  and 

log  for  solutions  having  different  pH  values. 

Concentration  of  m-nitrobeneenesulfonic  acid  1.8  • 
•  10"*  M.  1)  pH  2.6;  2)  pH  9.7  (for  first  wave);  3) 
pH  9.7  (for  second  wave). 


The  half-wave  potential  of  the  reduction,  like  the  diffusion  current,  depended  on  the  concentration  of !. 
hydrogen  ions  in  the  solutions.  In  acidic,  neutral  and  slightly  alkalme  solutions,  approximately  up  to  a  pH  value 
of  8.5-9. 0,  the  half-wave  potential  of  the  first  reduction  wave  increased  linearly  with  an  increase  of  pH.  The 
half-wave  potential  function  of  the  reductiim  for  these  solutions  may  be  represented  by  the  equation: 


n 


% 


-0.05-0.068  pH. 


In  more  alkaline  solutions,  beginning  at  a  pH  of  approximately  10.0,  the  half-wave  potential  of  the  first 
diffusion  wave  remained  unchanged.  With  an  increase  of  the  alkalinity  of  the  solution,  the  half-wave  potential 
of  die  second  diffusion  wave,  appearing  in  solutions  having  a  pH  >  8.0,  was  displaced  toward  more  positive  values. 
The  relationship  of  the  half-wave  potential  of  the  second  wave  of  m-nitrobenzenesulfonlc  acid  to  the  pH  value 
may  be  represented  by  the  equation: 
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-1.88  +  0.1  pH. 


This  relationship  is  represented  graphically  in  Fig.  3.  Since  the' half- wave  potential  of  the  second  wave  is 
displaced  toward  the  region  of  more  positive  values,  with  an  increase  of  the  pH  of  the  solution,  an  approach  and 
merging  of  the  individual  waves  occurs. 


Analysis  of  the  individual  polarogiams  showed  that,  for  diffusion  waves  having  the  least  half-wave  potentials, 
for  all  the  acid  concentrations  and  different  pH  values  studied,  the  linear  relationship  between  the  half-wave  po¬ 
tential  and  the  quantity  log  ^  ^  ■  was  maintained  in  accordance  with  the  Heyrovsky-Ilkovic  equation; 

—d”!. 


0.058 

n 


log 


_1 _ 

id-i‘ 


in  which  tr 


denotes  the  half-wave  potential  and^,]  is  the  limiting  diffusion  cunent. 


For  the  second  diffusion  wave,  at  more  negative  potentials,  the  Heyrovsky-Ulcovic  equation  does  not  hold 
completely.  The  experimental  values  of  the  current  (Fig.  4,  show  considerable  deviations  from  linearity. 


From  the  value  of  the  tangent  of  the  angle  formed  by  the  line  with  the  coordinate  axis,  it  is  possible  to  find 
the  value  of  the  quantity  n,  representing  the  number  of  electrons  taking  part  in  the  electrode  reaction.  For  the  first 
diffusion  wave  this  value  was  shown  to  be  close  to  1,  but  for  the  second,  it  was  of  the  order  of  0.4.  It  may  be 
assumed  that  the  reason  for  the  non-observance  of  the  Heyrovsky-Ilkovic  equation  is  die  irreversibiU^  of  the 
electrode  reaction. 


«• 


-t(v) 


For  the  reduction  of  m-nltrobenzenesulfonic  acid,  the  diffusion 
current  depends  on  the  reduction  of  the  nitro-group,  since  the  other 
atomic  groups  do  not  undergo  reduction  at  the  mercury  dropping  cath¬ 
ode.  Related  compounds  not  containing  nilrogroups,  and  also  m-nitro- 
benzenesulfonlc  acid,  according  to  our  data,  do  not  belong  to  the  re¬ 
ducible  substances.  At  the  same  time,  it  is  known  from  the  large 
number  of  polarograms  studied  that  the  reduction  of  the  nitro-group 
requires  6  electrons.  Accordingly,  it  should  be  easy  to  find  the  value 
of  the  diffusion  coefficient  of  mr>niaobenzenesulfonic  acid,  using  the 
Ilkovic'  equation  for  the  diffusion  current: 

I_d  =  605  •  n  •  •  m*/’  •  C. 

For  buffer  solutions  having  a  pH  of  2.0,  calculation  of  the  diffu¬ 
sion  coefficient  gave  0.4 ’lO"*  cm**  sec. which  agrees  well  enough 
with  the  diffusion  coefficient  values  for  similar  organic  molecules. 


Fig,  5.  Electrocapillary  curve  of  mer¬ 
cury  in  the  presence  of  a  background  ! 
having  a  pH  of  4.1,  and  m-nitrobenzene- 
sulfonic  acid  (potential  of  the  mercury 
estimated  with  reference  to  the  sulfate- 
mercury  electrode).  1)  Background;  2) 
concentration  of  the  acid  1.8  •  lO'^  Mj 
3)  concentration  of  the  acid  7.0*10**  M. 


The  experimental  data  presented  show  that  the  behavior  of  m- 
nitrobenzenesulfonic  acid  during  reduction  at  the  surface  of  a  dropping 
mercury  electrode  depends  essentially  on  the  pH  value  of  the  ihdif- 
ferent  electrolyte  used  as  the  background.  It.should  be  assumed  that 
in  acid  solutions  reduction  is  accompanied  by  the  Interaction  of  the 
hydrogen  ions  with  the  adsorbed  m-acid  molecules. 


The  electrocapillary  curves  (Fig.  5)  showed  that  the  adsorption 
of  m-nitrobenzenesulfonic  acid  on  the  mercury  surface  was  rather  con¬ 
siderable.  The  form  of  the  electrocapillary  curves  in  the  presence  of  a  reducible  substance  differs  substantially 
from  the  form  of  the  electrocapillaiy  curve  of  mercury  in  the  presence  of  only  a  single  background.  There  was  an 
especially  strong  influence  of  the  reducible  substance  in  the  ascending  region  of  the  electrocapillary  curve  at  a 
not  too  negative  electrode  potential.  All  of  the  concentrations  of  m-nitrobenzenesulfonic  acid  studied  had  an  in¬ 
fluence  on  the  form  of  the  curve;  the  influence  was  greater,  the  larger  the  concentration  of  the  m-acld.(ln  the  re¬ 
gion  of  the  more  negative  potentials,  on  the  descending  branch  of  the  electrocaplllary  curve,  the  effect  of  the  re¬ 
ducible  substance  was  less  substantial  and  did  not  always  depend  on  the  concentration  of  the  m-acid. 


In  solutions  having  pH  values  greater  than  S.O^O.O,  reduction  of  the  anion  of  m-nitrobenzenesulfonic  acid 
proceeds  at  potentials  which  are  more  negative  than  the  reduction  potential  of  the  acid  molecule  itself. 

The  capacity  of  m-nitrobenzenesulfonic  acid  to  be  reduced  at  the  dropping  mercury  cathode  may  be  utilized 
for  the  pelarographic  quantitative  determination  of  this  compound  in  m-aminobenzenesulfonic  acid.  For  the 
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purpose  of  the  determination,  the  most  favorable  background  is  a  solution  of  potassium  hydroxide,  in  which  the 
amino*  and  nitro'^acids  are  adequately  dissolved.  If  a  5^  solution  of  KOH  is  used,  the  diffusion  wave  of  the  re¬ 
duction  is  observed  at  a  potential  of  about  -*0.8*  —0.9  V.  Under  these  conditions  the  amino-acid  gives  no  diffu¬ 
sion  wave  and  the  determinations  not  impeded,  since  the  amino-acid  exerts  no  influence  on  the  current  strengdi 
and  the  half-wave  potential  of  the  m-nitro  acid. 

For  the  quantitative  determination  it  was.  preferable  to  use  a  calibration  curve,  which  was  constructed  by 
using  a  series  of  standard  solutions  containing  known  amounts  of  m-benzenesulfonic  acid.  Before  polarographing, 
hydrogen  was  blown  through  the  sblutions  for  15-20  minutes  in  order  to  remove  dissolved  oxygen.  Under  the  con¬ 
ditions  described,  the  accuracy  of  the  determinations  was  of  the  order  of  5%. 

SUMMARY 

1.  The  reduction  of  m-nitrobenzenesulfonic  acid  in  solutions  containing  different  concentrations  of  hydro¬ 
gen  ion  was  studied.  It  was  shown  that  m-nltr(^enzenesulfonic  acid,  at  a  given  pH  value  of  the  background,  was 
reduced  in  two  waves. 

2.  Fof  the  reduction  of  m-nitrobenzenesulfonic  acid,  the  relationship  of  the  half-wave  potential  and  the 
diffusion  current  to  the  pH  value  of  the  background  solution  was  established. 

3.  The  conditions  for  the  quantitative  determination  of  m-nitrobenzenesulfonic  acid  were  determined. 
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INVESTIGATION  OF  THE  REACTION  OF  UREA  WITH  PHENOL  BY  METHODS  OF 

PHYSICO-CHEMICAL  ANALYSIS.  V. 

N.  Z.  Rudenko  and  D.  E.  Dionisyev 

Continuing  our  work  on  the  study  of  the  reaction  of  urea  with  phenol  by  the  methods  of  physico-chemical 
analysis,  we  attempted  to  explain  how  the  inuoduction  of  a  methyl  group  into  the  phenol  molecule  and  condensa¬ 
tion  with  a  second  aromatic  nucleus  would  affect  the  reaction  with  urea.  For  this  purpose,  we  studied  binary  sys¬ 
tems  formed  from  urea  and  a-naphthol.  fl-naphthol  aad  m-cresoL  The  fusibility,  density,  viscosity  and  electrical 
conductivity  of  the  systenu  were  investigated. 

The  experimental  methods  were  as  described  earlier  [1],  and  the  measurements  were  canted  out  in  the  liquid 
phase  at  three  temperatures.  The  concentrations  were  expressed  in  mole  per  cents,  and  the  viscosity  in  centipoises. 

System  urea— a-naphthol.  The  fusibility  of  this  system  was  studied  by  Puschin  and  Konig  [2].  The  fusibil¬ 
ity  curve,  with  a  simple  eutectic,  enabled  them  to  conclude  that  chemical  interaction  was  absent  from  the  system. 
We  repeated  the  fusibility  investigation, and  also  studied  the  density,  viscosity  and  electrical  conductivity  at  130, 
140  and  150*. 

For  the  work  we  used  urea  which,  after  repeated  recrystallization  from  water,  had  m.p.  132.7*.  The  a- 
naphthol,  after  recrystallization  from  benzene,  had  m.p.  96*. 

Since  our  data  on  fusibility  were  always  close  to  the  data  of  Puschin  and  Konig,  we  did  not  construct  a  fusi¬ 
bility  curve. 

The  viscosity  curves  of  the  system  are  presented  in  Fig.  1.  All  three  of  the  viscosity  isotherms  pass  through 
maxima  in  the  region  of  75  mole  %  of  urea.  At  increased  temperatures,  the  maxima  are  shifted  slightly  toward 
the  more  viscous  component. 


Fig.  1.  Viscosity  and'density  of  the  system  urea— a-  Fig;  2.  Electrical  cbriducUvity,  and  electrical  conduc- 

nai^iihol.  tivity  corrected  for  viscosity,  of  the  system  urea— a- 

naphthol 

The  temperature  coefficient  of  the  viscosity  also  was  at  a  maximum  in  the  region  corresponding  to  75  mole 
%  urea.  In  the  same  figure,  density  isotherms  of  the  system  are  shown;  they  are  slightly  convex  toward  the  compo¬ 
sition  axis. 
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Fig.  2  shows  the  isotherms  of  electrical  conductivity  which  represent  its  monotonous  decrease,  and  are  con¬ 
vex  toward  the  composition  axis,  without  any  unusual  points. 

The  "correction"  of  the  electrical  conductivity  values  for  viscosity  (tjk)  did  not  change  the  course  of  the 
curves,  in  spite  of  the  presence  of  viscosity  maxima.  In  Fig.  2  the  "corrected"  electrical  conductivity  isotherm 
is  given  for  150*,  the  other  two  isotherms  having  precisely  the  same  course. 

System  urea-B~naphthol  was  studied  for  the  first  time  by  the  methods  of  physico-chemical  analysis.  We 
studied  its  fusibility,  and  in  the  liquid  phase  we  studied  its  density,  viscosity  and  electrical  conductivity  at  125, 

135  and  145*  For  the  work  we  used  fl-naphthol  which  was  repeatedly  recrystallized  from  alcohol;  its  m.p.  was 
122.4*. 

The  fusibility  curves  of  die  system  are  presented  in  Fig,  3.  The  curves  consist  of  three  branches,  two 
branches  of  crystallization  of  the  pure-components.  and  a  branch  of  crysuUization  of  the  compound  20-CnHjOH* 

•  CCXNH2)j,  with  m.p.  108*.  The  eutectic  points  at  105  and  104*  have  the  compositions,  25  and  42.5  mole  %  urea. 

In  Fig.  4  are  shown  viscosity  isotherms  which,  as  in  the  preceding  system,  pass  through  maxima  in  the  region 
of  75  mole  urea.  The  maxima  are  hardly  shifted  with  a  change  of  temperature.  The  temperature  coefficient 
of  the  viscosity  is  also  at  a  maximum  in  this  region.  The  density  isotherms  (Fig.  4)  are  represented  by  curves  which 
are  slightly  convex  toward  the  composition  axis. 

The  electrical  conductivity  isotherms  (Fig.  5), 
both  in  form  and  in  absolute  values,  were  almost  dup¬ 
licates  of  the  isotherms  found  for  the  system  urea— a- 
naphthol. 


^  eo  eo  40  zo 

CC{NH^  j3-C^HgO 


Fig.  3,  Fusibility  of  the  system  urea— fl-naphthol.  Fig.  4.  Viscosity  and  density  of  the  system  urea- 

— 6-naphthol. 

The  electrical  conductivities  in  these  systems  were  determined  by  the  comparatively  large  electrical  con¬ 
ductivity  of  urea. which  decreased  in  proportion  to  the  increase  in  the  amount  of  na[^thol.  The  "correction"  of 
the  electrical  conductivity  for  viscosity  (Fig.  5),  in  spite  of  the  presence  of  maxima  on  the  viscosity  curves,  did 
not  change  the  course  of  the  Isotherms. 

System  urea-m-cresol.  The  fusibility  of  the  system  was  studied  by  Puschin  and  Sladovic  [3].  They  ob¬ 
tained  curves  from  which  they  subjectively  drew  the  conclusion  that  an  incongruently  melting  compound  of  1:1 
comfiosition  formed  in  the  system.  The  curves  that  we  obtained  were  similar  to  those  of  the  cited  authon.  It 
is  risky  to  infer  from  them  diat  chemical  reaction  occurs  in  the  system. 

An  investigation  qf  the  liquid  phase  should  give  an  indication  of  any  chemical  reaction  in  the  system.  We, 
therefore,  investigated  the  density,  viscosity  and  electrical  conductivity  at  120,  130  and  140*. 

For  the  work,  we  used  "c.p."  grade  m-cresol,  purified  it  by  distillation,  and  collected  the  fractions  boiling 
at  202.6-202.8*,  and  having  m.p.  of  10.6*  . 

The  viscosity  isotherm  for  140*  consisted  of  an  S -shaped  curve  having  a  slight  inflexion.  In  jxo portion  to' 
the  decrease  of  temperature,  the  isothernu  straightened  out,  losing  their  S-shaped  forms  (Fig.  6). 
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Fig.  5.  Electrical  conductivity,  and  electrical  conduc¬ 
tivity  corrected  for  viscosity,  for  the  system  urea— 8- 
naphthol. 


m-CyH,OU 

Fig.  6.  Viscosity  and  density  of  the  system  urea— m- 
cresol. 

The  density  curves  (Fig.  6),  like  those  in  the  pre¬ 
ceding  system,  were  convex  toward  the  composition  axis. 
The  density  decreased  rather  rapidly  from  the  density  of 
mea  to  that  of  a  mixture  with  60  mole  ^  urea,  and  then 
decreased  evenly. 


X'  lO^ 


Fig.  7.  Electrical  conductivity,  and  electrical  conduc¬ 
tivity  conected  for  viscosity,  of  the  system  urea— m- 
ciesol. 

ture  it  is  reported  that  a  compound  which  is  not  observed 


The  curves  of  the  electrical  conductivities  x  and 
TJX  (Fig.  7),  of  the  system  fall  monotonously  from  the 
natural  electrical  conductivity  of  urea  to  that  of  m- 
cresol,  and  are  convex  toward  the  composition  axis. 

DISCUSSION  OF  RESULTS 

It  is  known  that  the  dissociation  constants  of  a- 
and  B-naphthol  are  larger  than  that  of  phenol.  If  this 
regularity  also  holds  for  the  solvent,  urea,  then  it  can 
be  expected  that  because  of  the  large  mobility  of  the 
hydrogen  of  the  phenolic  hydroxyl  group  in  a-  and 
8-naphthols,  their  reaction  with  urea  will  be  more 
clearly  expressed  than  with  phenol.  With  urea. .  phenol 
forms  the  very  unstable  compound,  CO(NH2)2  *  2C$H5DH. 
which  decomposes  completely  in  the  liquid  phase  [1]. 
Investigation  of  the  system  urea— a-naphthol  showed 
that  in  it  chemical  reaction  between  the  components 
occurs.  This  chemical  reaction  was  reflected  on  the 
viscosity  curves,  which  had  clear  maxima  in  the  re¬ 
gion  of  75  mole  %  urea;  it  is  true  that  it  is  difficult 
to  judge  the  composition  of  the  compound  forming,  from 
the  form  of  this  maximum,  but  it  can  be  assumed  that 
its  composition  is  2CO(NH2)2  •  CuHrOH.  This  compound 
was  not  indicated  by  the  fusibility  curve.  In  the  litera- 
ly  the  fusibility  method,  may  be  reflected  by  th§  curves 


of  properties  in  the  liquid  phase  [4,  5].  The  electrical  conductivity  curves,  having  uniform  courses,  did  hot  re¬ 


flect  chemical  reaction  in  the  system.  However,  electrical  conductivity  curves  of  such  form  are  known  for  systems 


in  which  chemical  interaction  occurs  [6,  7]. 


In  contrast  to  the  system  urea— a-naphthol.  in  the  system  urea— 8~naphthol  reaction  between  the  compo¬ 
nents  was  also  observed  by  the  fusibility  method.  On  the  fusibility  curve  reflection  of  the  considerably  dissociated 
compound  CO(NH2)z  *  2CiaU70H  was  found,  and  it  corresponded  to  a  maximum  m.p.  of  108*. 
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The  curves  of  the  properties  studied  in  the  liquid  phase  were  very  much  like  the  conesponding  curves  in  die 
preceding  system.  The  viscosity  isotherms  passed  through  maxima  in  the  region  of  75  mole  '%  i.e.,  in  the  liquid 
phase  a  different  compound  from  COfNHjlji  •  2Ci|HyOH  is  reflected,  which  evidently  is  2CO(NH2)2  •  CuH^OH.  The 
fact  that  in  die  liquid  phase  the  compound  CO(NH2)2  •  2C11H7OH  dissociates  completely,  confirmed  the  assumption 

[8]  made  earlier  that  urea  in  such  compounds  is  the  donor  of  one  electron  pair,  but  that  this  electron  pair  is  accepted 
by  a  dimer  of  the  second  component.  In  the  liquid  [diase  8-naphthol  is  found  to  be  present  as  the  monomer  to  a 
great  extent,  and  this  monomer  reacts  with  urea.  It  should  be  pointed  out  that  in  reaction  with  urea.  0-naphthol 
shows  a  greater  activity  than  a-naphthol?  just  as  in  systems  with  6-naphthylamine  [9]  and  pyridine  [101  which  in 
all  probability  was  caused  by  the  larger  dipole  moment  and  the  lesser  spatial  "inaccessibility"  of  the  0-naphthol. 

In  comparison  with  phenol,  the  condensed  nucleus  in  the  naphthols  increases  the  tendency  of  the  latter  toward  'i 
chemical  reaction  with  urea. 

It  can  be  assumed  that  the  presence  of  the  methyl  radical  in  the  phenol  nucleus  (for  ciesol)  will  hardly  in¬ 
crease  the  tendency  6f  the  latter  toward  chemical  reaction  with  urea. 

Investigation  of  the  system,  urea— m-cresol,  showed  that  there  is  no  basis  for  treating  the  fusibility  curves 
as  indicators  of  chemical  reaction  in  the  system.  The  isotherms  of  properties  of  the  liquid  phase  also  give  no 
direct  indication  of  the  presence  of  chemical  reaction.  It  is  true  that  the  viscosity  curves  at  first  glance  may  have 
S-shaped  forms,  which  usually  indicate  chemical  reaction  in  the  system  [11]. 

However,  in  the  present  case,  the  S-£orm  of  the  curves  decreases  with  a  decrease  of  temperature.  In  our 
opinion,  the  appearance  of  such  S-shapes  of  the  isotherms  at  increased  temperature  was  caused,  on  the  one  hand, 
by  an  increase  of  the  dissociation  of  the  associated  molecules  of  m-ctesol,  and  on  the  odier,  by  the  larger  dhange 
of  die  viscosity  for  urea  than  for  the  subsequent  mixture. 

SUMMARY 

1.  The  fusibility,  viscosity,  density  and  electrical  conductivity  of  the  systems  urea— a-naj^thol,  urea— 

—  0-naphthol  and  urea- m-cresol  were  Investigated. 

2.  The. presence  of  chemical  reaction  in  the  system  urea-a-naphthol,  with  formation,  in  all  probability, 
of  the  compound  2CO(NH2)2  ’  CuH^OH,  was  established. 

3.  It  was  shown  that  in  the  system  urea-0-naidithol  two  compounds  form  —  CO(NH2)2  ‘SCieHfOH  and,  pro¬ 
bably,  2CXXNH2)2  •  CiiHtOH. 

4.  For  the  system  urea— m-cresol  no  direct  indication  of  chemical  reaction  between  the  components 
was  obtained. 
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CATALYTIC  SYNTHESIS  OF  KETONES 

IV.  SYNTHESIS  OF  METHYL  PROPYL, METHYL  ISOBUTYL,  DIISOPROPYL  AND  ISOPROPYL  BUTYL  KETONES 


I.  P*  Yakovlev 


In  a  previous  report  [1]  it  was  shown  that  ketones  having  the  same  total  number  of  carbons  asjhe  initial  prod¬ 
uct  are  forfned  by  reaction  of  acids  and  acid  aphydriiswith  aliphatic  alcohols  over  chrome -manganese  catalysts 
[2].  Mixtures  of  acid  chlorides  and  allo'l  halides  [3]  undergo  similar  transformations.  It  was  postulated  that  the 
functional  group  connected  to  the  carbonyl  group  of  the  acid  migrates  to  a  new  bond  position  which  forms  in  the 
second  component  participating  in  the  ketonization  reaction. 


Further  verification  of  the  reaction  scheme  proposed  previously  for  the  catalytic  ketonization.  is  presented 
in  die  present  work.  Acetic  acid  and  isopropyl  and  isobutyl  alcohols  were  used  as  the‘'starting  materials.  It 
might  be  assumed  that  the  reaction  proceeds  according  to  an  analogbuc  scheme. 

1,  For  isopropyl  alcohol  and  acetic  acid: 


CHjC 


OH 


CH2-CH-CH3 


catalyst 


.-H2O 


CHjCHOHCHj 


2.  For  isobutyl  alcohol  and  acetic  acid: 


CH2-C(CHj)2 

.0  I  I 

CHsCT  + - ; - 

\  catalyst 

(1)°" 

CHjCOCH2C(OH)(CH3)2 
-HiO 


CH3C0CH=C(CH3)2 

I  +H2 

CH3C0CH2CH(CH3)2 


-H20 


HOCH2CH(CH,)i 


<">  ,CH.OH 
CH3C0C~CH3 
XH3 


lr-#i2o 


C-H 


CH3COC— CH3 
I  XH3 
I  -CO 

CH3C0CH(CH3)2 


According  to  the ‘second  direction  of  the  reaction,  we  would  expect  the  formation  of  a  keto  alcohoL  but 
this  keto  alcohol  would  be  easily  converted  to  the  keto  aldehyde,  and  the  latter,  losing  carbon  monoxide,  would 
be  converted  to  methyl  isopropyl  ketone. 
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The  expetimenul  examination  actually  confirmed  the  {soposed  hypothesis.  From  a  mixture  of  acetic  acid 
and  isopropyl  alcohol  in  the  presence  of  hydrogen,  the  two  expected  ketones  —  methyl  n-propyl  ketone  and  methyl 
isopcopyl  ketone  —  were  formed.  True,  the  yields  of  the  ketones  were  negligible,  since  isopropyl  alcohol  is  readily 
converted  to  acetone  by  the  catalyst  useds  If  the  reaction  is  carried  out  in  the  absence  of  hydrogen,  then  accord¬ 
ing  to  the  scheme,  two  unsaturated  ketones,  methyl  isopropenyl  ketone  and  methyl  propenyl  ketone,  should  form. 
Of  these  two  ketones,  only  methyl  propenyl  ketone  was  formed.  The  presence  of  only  one  unsaturated  ketone  is 
understanUable,  if  we  consider  the  properties  of  these  substances:  while  methyl  propenyl  ketone  is  a  sufficiently 
stable  ketone,  distilling  without  polymerization,  methyl  isopropenyl  ketone,  on  the  other  hand,  is  unstable;  it 
polymerizes  readily,  even  during  ordinary  storage.  Under  the  conditions  of  formation  of  these  ketones,  methyl 
isopropenyl  ketone  is  easily  polymerized,  and  is  hardly  observed  in  the  catalysis  products,  whereas  the  other  ke¬ 
tone  is  produced  at  high  temperature  ranges  (up  to  of  the  theoretical  amount),  and  may  be  separated  horn  the 
catalyst.  (It  is  known  [4]  that  the  yield  of  methyl  vinyl  ketone  from  acetic  acid  and  ethyl  alcohol  amounts  to 
less  than  l%.) 

For  isobutyl  alcohol  and  acetic  acid,  proceeding  from  the  scheme,  the  formation  of  methyl  isobutyl  ketone 
and  methyl  isopropyl  ketone  would  be  expected.  The  formation  of  methyl  isobutenyl  ketmie  in  the  absence  of 
hydrogen  should  proceed  in  small  yields,  since  the  alcohol,  being  dehydrogenated,  yields  hydrogen  to  the  system, 
and  this  hydrogen  hydrogenates  the  unsaturated  ketone;  therefore,  experiments  were  not  carried  out  without  the 
addition  of  hydrogen  to  the  system  during  ketonization.  In  experiments  carried  out  in  the  presence  of  hydrogen, 
both  of  the  proposed  saturated  ketones  were  produced,  i.e.,  the  ketonization  scheme  was  shown  to  b#  valid.  How¬ 
ever,  together  with  methyl  isobutyl  ketone  and  methyl  Isopropyl  ketone,  three  more  ketones  were  obtained:  diiso¬ 
propyl  ketone,  isopropyl  isobntyl  ketone  and  isopropyl  tert-butyl  ketone.  It  might  be  assumed  that  the  formation 
of  these  ketones  proceeded  because  of  the  isobutyl  alcohol.  In  order  to  verify  this  assumption,  an  experiment  for 
the  ketonization  of  isobutyl  alcohol  was  conducted.  Proceeding  horn  the  proposed  scheme,  the  formation  of  iso¬ 
propyl  isobutyl  ketone  and  Isopropyl  tert-butyl  ketone  may  be  represented  as  follows; 

CH2-C(CH,)j 

-H,  ./'ll 

(CH,)2CHCH20H - (CHs)2CHC\  - ; -  HOCH2CH(CH5)2 

\  catalyst 

a)  (u) 


(CHs)2CHCOCI^CH(CHs)2 


(CH,)2CHCOC(CHj)j 


The  experiment  was  carried  oizt  in  the  absence  of  hydrogen,  since  hydrogen  is  not  required  according  to 
the  scheme  for  the  ketonization  reaction  -  one  alcohol  molecule  is  dehydrated,  the  other  is  dehydrogenated, 
and  the  subsequent  reaction  of  the  products  widi  the  hydrogen  displaced  from  the  aldehyde  group,  leads  to  the  for¬ 
mation  of  the  two  ketones. 

As  to  die  formation  of  diisopropyl  ketone,  this  ketone  was  formed  according  to  an  entirely  different  scheme 
-  according  to  the  scheme  of  ketonization  of  an  acid: 

(CH,)2CH. 

2  (CHjJfeCHCHjOH - 2  (CH,)2CHC'\  - ►  ^=0  +  H2  +  CO. 

(CH8)2CH^ 

For  the  latter  reaction  it  was  thoug)it  that  both  the  acid  and  the  aldehyde  and  their  mixture  should  follow  the 
general  sdheme  of  decomposition  during  catalytic  ketonization.  In  general  form  this  scheme  might  be  represented 


R-c€^’ 

r^v 


where  X  and  Y  might  be;  H,  OH,  halogen,  OR,  OCOR,  etc.,  and  R  might  be  alkyl  or  hydrogen.  In  order  to  verify 
this  assumption,  experiments  on  the  ketonization  of  the  conesponding  derivatives  and  dieir  mixtures  were  carried 
out.  The  experimental  results  confirmed  the  hypothesis. 
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EXPERIMENTAL 


Initial  reactants.  Acetic  acid,  b.p.  118*,  Uq  1.369;  isopropyl  alcohol,  b.p.  82-83*,  n^  1.377;  isobutyl  alco¬ 
hol,  b.p.  107*,  1.397.  Hydrogen  was  obtained  by  the  action  of  dilute  HjSOSi  on  granulated  zinc,  not  ctmtaining 

aresnic,  and  was  purified  by  a  chromic  mixture. 

Procedure.  A  chrome- manganese  catalyst  was  placed  in  the  usual  catalytic  apparatus  in  the  aone  of  com¬ 
paratively  uniform  heating.  After  2-3  experiments,  the  catalyst  was  regenerated  by  calcination  in  a  porcelain  dish 
over  a  flame  jet.  The  condensates  obtained,  depending  on  the  quantity  of  water  and  original  alcohol  in  diem, 
were  treated  somewhat  differently.  The  acid  residue,  which  did  not  enter  into  reaction,  was  extracted  with  soda, 
the  alcohol  —  with  calcium  chloride.  Then  the  dry  catalyzate  was  carefully  fractionated. 


Depending  on  the  experiment,  in  some  cases  hydrogen  was  introduced  into  the  system  in  equimolecular 
quantities. 

1.  Synthesis  of  methyl  propyl  and  methyl  isopropyl  ketones,  a)  Experiment  without  hydrogen.  Isopropyl 
alcohol  and  acetic  acid  in  a  volume  ratio  of  1:3  were  passed  over  the  chrome- manganese  catalyst  in  a  quantity 
of  80  ml  at  400,  430  and  460*  at  rates  of  13,  20  and  40  ml/hour.  Acetone  was  the  chief  product  of  the  ketoniza- 
tion  of  acetic  acid  and  isopropyl  alcohol  in  the  absence  of  hydrogen.  In  all  the  experiments,  except  that  carried 
out  at  460*,  the  condensate  contained  the  initial  alccdiol  which  had  not  entered  into  reaction. 

On  passing  120  ml  of  the  initial  mixture  at  400*.  35  g  of  catalyzate  was  obtained.  The  following  fractions 
were  obtained  by  distillation:  1st  56-58*,  10.3  g;  2nd  58-65*,  8  g;  3td,  66-79*,  3  g;  and  4th,  81-83*,  2  g. 

The  1st  fraction  was  pure  acetone:  b.p.  56*.  n}^’^  1.3589]  the  2,4-dinitrophenylhydrazone  had  m.p.  126*. 

The  2nd  fraction  consisted  chiefly  of  acetone  with  negligible  amounts  of  the  substance  of  the  3rd  fraction.  The 
4th  fraction  consisted  of  the  original  Isopropyl  alcohol.  The  higher  ketones  were  not  observed. 

At  430*,  and  a  feed  rate  of  20  ml/hour.  &om  a  90  ml  mixture  25  ml  of  catalyzate  was  obtained.  On  dis¬ 
tillation,  we  obtained  the  same  fractions  and  a  fraction  at  92-96*.  0.26  g, which  proved  to  be  methyl  isopropyl 
ketone:  n^^  1.3869,  2,4-dlnltrophenylhydrazone  m.p.  119*. 

Finally,  50  ml  of  isopropyl  alcohol  and  150  ml  of  acetic  acid  were  taken  and  passed  at  a  rate  of  40  ml/hour 
at  460*.  84ml  of  catalyzate  was  obtamed.  The  catalyzate  was  treated  with  soda  and  calcium  chloride.  Acetone 
was  removed  by  boiling  on  a  water  bath.  The  residue  distilled  from  a  Favorsky  flask.  The  following  fractions  were 
obtained:  1st,  90-98*.  2.1  g;  2nd,  98-110*.  0.4  g;  3td,  120-131*.  4.2  g;  and  4th,  1^-140*,  0.4  g.  The  3rd  and 
4th  fractions  were  combined  and  distilled  again.  The  main  volume  came  over  at  122-124*  (3.9  g).  This  was 
methyl  propenyl  ketone:  n|^  1.4342,  d^  0.8629,  MRj)  25.36,  calculated,  24.83;  the  2,4-dlnitrophenylhydrazone 
had  m.p.  205-208*.  The  ketone  was  oxidized  in  a  neutral  medium  by  potassium  permanganate.  For  1.5  g  of 
the  ketone,  4.8  g  of  KMn04  was  used.  It  might  be  assumed  that  the  oxidation  proceeded  in  one  of  three  direc¬ 
tions. 


CjHjO 


2CHsCOOH  +  HCOOH 
CHjCOOH  +  (C00H)2  +  HCOOH 
CHjCOCOOH  +  CHjCOOH 


Each  of  these  reactions  requires  1.43,  2.14  and  1.15  g  of  oxygen,  respectively,  for  1.5  g  of  the  ketone. 

1.16  g  of  oxygen  was  consumed.  From  the  filtrate  containing  the  oxidation  products,  a  voluminous  yellow  pre¬ 
cipitate  (0.5  g)  was  obtained  with  2,4-dinitrophenylhydrazine,  and  after  recrystallization  from  acetic  acid  it 
melted  at  118*,  which  corresponded  to  the  melting  point  of  the  2.4-dinitrophenylhydrazone  of  methyl  isopropyl 
ketone;  the  sample  when’  mixed  with  the  known  substance  caused  no  m.p.  depression.  The  presence  of  methyl 
isopropyl  ketone  was  connected  with  the  insufficiently  pure  122-124*  fraction.  A:etic  acid,  giving  the  acet¬ 
anilide,  with  m.p.  112*,  with  aniline  (the  mixed  sample  gave  no  m.p.  depression),  was  isolated,  and  formic  acid 
(by  a  voluminous  mercurous  chloride  precipitate)  was  observed.  The  acetic  and  formic  acids,  distilled  together, 
were  neutralized  with  alkali  to  a  {^enolphthalein  end  p>oint,  consuming  0.78  g  of  NaOH,  Neither  oxalic  nor  pyruvic 
acids  were  separated.  Thus,  it  can  be  assumed  that  oxidation  proceeded  according  to  the  first  scheme. 

b)  The  reaction  with  hydrogen  was  carried  out  under  the  conditions  described  above.  On  passing  60  ml  of 
the  initial  mixture  at  400*,  45  g  of  condensate  was  obtained.  After  treatment  and  distillatloa  this  condensate  was 
separated  into  the  following  fractions:  1st,  56-58*,  10  g;  2nd,  58-65*,  17.4  g;  3rd,  65-83*,  3  g;  4th,  92-96*,  0.4  gj 
and  5th,  98-104*;  0.2  g.  At  430  and  460*  the  composition  of  the  fractions  was  the  same  as  at  400*,  but  the  amounts 
of  ketones  farming  were  different  in  each  case.  Since  the  4th  and  5th  fractions  were  of  greatest  interest,  i.e.,  were 
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the  ones  containing  methyl  propyl  ketone  and  methyl  isopropyl  ketone,  their  yields  (in  %)  based  on  isopropyl  alco 
hoi  used,  are  given  below. 


Temperature  of  experiment 

cHjCcx:h2CH2CH8 

CHsCOCH(CH5)2 

400* 

0.3 

0.6 

430 

0.6 

1.5 

460 

1.3 

8.2 

Methyl  isopropyl  ketone,  b.p.  95-96*,  n|5  1.3869.  d^  0.7987,  MRj)  25.34,  calculated  25.30;  2,4-dinitrophenyl- 
hydrazone,  m.p.  118-119*,  no  depression 'in  a  mixed  sample  with  the  2,4-dinitrophenylhydrazone  of  this  ketone  ob¬ 
tained  Starting  from  the  acid. 

Methyl  propyl  ketone,  b.p.  102-103*.  n^  1.3900,  d^  0.8118,  MRj)  25.12,  calculated  25.30;  the  2,4-diiiitro- 
phenylhydrazone,  m.p.  142-143*,  gave  no  depression  with  the  2,4-dinitrophenyldrazone  of  this  ketone  obtained 
from  acetic  and  butyric  acids. 

2.  Synthesis  of  ketones  from  a  mixture  of  acetic  acid  and  isobutyl  alcohol.  3  moles  of  acetic  acid  and  1 

mole  of  isobutyl  alcohol  were  used  in  die  reaction.  The  mixture  was  passed  at  a  rate  of  15  ml/hour  over  a  chioBue 
manganese  catalyst  applied  to  an  asbestos  mat,  at  450*  in  the  presence  of  (100  ml/min).  'Yield,  170  ml  cataly¬ 
zate:  the  lower  aqUeous 'layer  was  separated,  and  the  upper  layer  treated  with’ dry  CaCl2.  distilled  from  a  Wurtz 
flask  and  fractionally  distilled.  .n.  After  the  frrst  fractionation,  the  following  fractions  were  separated: 

1st,  58*.  20  ml;  2nd.  58-94*.  4  ml;  3rd  94-101*.  14.2  ml;  4th,  101-107*.  10.1  ml;  5th,  107-123*,  17.5  ml  6th,  123- 
134*,  4.3  ml;  7th,  134-144*,  2  ml;  and  8th,  144-155*,  2.8  ml.  The  experiment  was  repeated  for  the  purpose  of 
accumulating  the  fractitms  obtained.  These  fractions,  combined  with  the  preceding  fractions,  were  repeatedly 
fractionated  and  studied.  It  was  shown  that  the  1st  fraction  was  acetone;  the  2,4-dinitrophenylhydrazone,  having 

a  m.p.  of  126*,  when  mixed  with  the  known  subsunce  gave  no  depression;  the  2nd  fraction  was  methyl  isopropyl 
ketone,  m.p.  94-96*,  n^  1.3874,  0.8001,  MRd  25.14,  calculated  25.30;  the  2,4-dinitrophenylHyjirazone  had 

m.p.  of  118*;  no  depression  when  mixed  with  the  2,4-dinitrophenylhydrazone  of  methyl  isopropyl  ketone  obtained 
from  acetic  acid  and  isobutyl  alcohol.  From  the  101-123*  fraction,  the  following  were  separated:  a)  original  iso- 
butyl  alcohol  and  b)  methyl  isobutyl  ketone,  b.p.  116-118*.  np  1.3990,  0.8106,  MRp  29.84,  calculated  29.92; 

the  2,4-dinitrophenylhydrazone  had  m.p.  92-94*;  the  semicarbazone  had  m.p.  131*;  the  semicarbazone  when  mixed 
with  the  known  substance  produced  no  depression.  (The  known  ketone  was  prepared  starting  from  the  acid.)  From 
the  4th  fraction,  dilsopropyl  ketone  was  separated,  b.p,  124-127*,  np*®  1.3965,  0.7972,  MRp  34.40,  calculated 

34.54;  the  2,4-dinitrophenylhydraaone  had  m.p.  90-91*;  the  sample  when  mixed  with  the  2,4-dinitrophenylhydra- 
zone  of  the  known  ketone  obtained  fromiisobutyl  alcohol,  and  also  from  the  pure  isd>utyl  aldehyde  and,  finally, 
from  isobutyric  acid,  produced  no  depression.  From  the  7th  fractibo.  isopropyl  tert- butyl  ketone  was  separated, 
b.p.  134-136*,  1^  1.4020,  ^  0.8042,  MRj)  38.92,  calculated  39.15;  the  2,4-dinitrophenylhydrazone  hielted  at 
87-89*.  From  the  8th  fraction,  isopropyl  isobutyl  ketone  with  a  b.p.  of  144-148*.  np  1.4050,  0.8110,  MRq  38.69, 

calculated  39.15,  was  separated;  the  2,4-dinitrophenylhydrazone  had  m.p.  113*.  This  2,4-dinitrophenylhydrazone 
was  also  tested  by  the  method  of  mixing  a  sample  with  the  2,4-dinitrophenylhydra2M)ne  of  the  ketone  obtained  from 
one  alcohol. 

3.  Synthesis  of  ketones  from  isobutyl  alcohol.  175  ml  of  isobutyl  alcohol  was  passed  over  a  chrome-man¬ 

ganese  catalyst  (80  ml)  at  460*  at  a  rate  of  15  ml/hour.  Simultaneously,  hydrogen  was  supplied  at  a  rate  of  30  ml/ 
min.  (On  repetition  of  the  experiment,!©  additional  hydrogen  was  introduced  into  the  system,  and  the  results  were 
the  same.)  107  ml  of  a  catalyzate  having  a  ciimamon  color  was  obtained.  The  catalyzate  was  dried  with  anhydr- 
out  sodium  sulfate,  distilled  and  fractionated:  thus,  49  ml  of  isobutyraldehyde,  with  b.p.  of  64-68*.  was  obtained; 
14.5  ml  of  isobutyl  alcohol  did  not  enter  into  reaction.  In  addition,  the  following  ketones  were  obtained:  1)  Diiso¬ 
propyl  ketone.  3.1  ml,  b.p.  124-126*,  1.3955,  0.7991,  MRp  34.24,  calculated  34.54;  the  2,4-dinitrophenyl¬ 

hydrazone  had  m.p.  90-91*;  no  m.p.  depression  in  mixed  sample.  2)  Isopropyl  tert-butyl  ketone,  4.6  ml,  b.p. 
133-136*,  1.4035,  0.8041,  MRp  38.89,  calculated  39.15;  the  2,4-dinitrophenylhydrazone  had  m.p.  88-89*. 

3)  Isopropyl  isobutyl  ketone,  6.2  ml.  m.p.  144-148*,  1.4080,  dj*  0.8115,  MRq  38;91,  calculated  39.15;  the 

2,4-dinitrophenylhydrazone  had  a  m.p.  of  112-113*. 

Moreover,  from  the  residue  left  after  the  distillation,  a  fraction  with  b.p.  175-185*  (about  2  mlX  hj*  1.4600 
was  separated,  but  we  were  unable  to  identify  it,  since  die  product  of  its  reaction  with  2,4-dinitrophenylhydrazine 
melted  in  a  wide  range.  Apparently,  this  fraction  contained  the  products  of  the  secondary  condensation  of  the  ke¬ 
tones  and  aldehydes,  forming  both  in  the  catalytic  tube,  and  during  the  fractionatirm  of  the  catalyzate. 
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SUMMARY 


1.  On  the  basis  of  acetic  acid  and  isopropyl  alcohol,  and  acetic  acid  and  isobutyl  alcohol  as  examples,  a 
proposed  scheme  of  ketonization  has  been  verified, 

2,  The  synthesis  of  ketones  from  carbonyl-containing  compounds  proceeded  according  to  the  general  type 

of  ketonization  of  acids.  Hence,  two  essentially  different  mechanisms  of  the  formation  of  ketones  were  esublished, 
each  of  which  has  its  specificity  and  points  in  common. 

3.  It  was  found  that  with  a  chrome -manganese  catalyst,  from  mixtures  of  acetic  acid  and  isopropyl  alcohol, 
and  acetic  acid  and  isobutyl  alcohol,  the  expected  ketones  were  formed,  but  in  small  yields,  and  the  mixture  of 
ketones  formed  was  difficult  to  separate  into  individual  components.  However,  this  method  may  be  used  under 
laboratory  conditions, 

4,  In  order  to  shift  the  reaction  toward  the  formation  of  a  particular  ketone,  it  is  necessary  to  use  a  selective 
catalyst. 
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REACTIONS  OF  DIKETENE 


m.  REACTION  OF  DIKETENE  WITH  SOME  AROMATIC  HYDROXY  COMPOUNDS. 
SYNTHESIS  OF  ACETOACETYLPHENOLS 


K.  B.  Rail  and  V,  V.  Perekalin 


In  the  present  work  the  almost  univestigated  reactions  of  diketene  with  phenols  [1;  2]  were  studied  for  the 
following  purposes:  1)  development  of  a  method  for  obtaining  esters  of  aromatic  hydroxy  compounds  and  aceto- 
acetic  acid.  whicTi  are  not.obtained  by  reaction  of  phenols  with  ethyl  acetoacetate;  2)  investigation  of  the  chemical 
transformations  of  acetoacetyl  derivatives,  particularly  the  feasibility  of  their  transformation  to  compounds  of  die 
methylcoumarin  series,  usually  synthesized  from  aromatic  hydroxy  compounds  and  ethyl  acetoacetate;  3)  elucida¬ 
tion  of  the  mechanism  of  the  reaction  of  diketene  with  aromatic  hydroxy  compounds. 

The  aoetoacetic  esters  of  the  aromatic  hydroxy  compounds  may  be  used  as  plasticizers  and  solvents  for 
varnishes.  Among  the  coumarin  derivatives,  diverse  physiologically  active  substances  occur:  analogs  of  the  vita¬ 
mins  of  the  P  [3]  and  K  [4]  groups,  inactivators  of  vitamin  K  [51  insecticides  [6]  and  herbicides  [7]. 

The  problem  of  the  structure  of  diketene  was  not  completely  solved  for  a  long  time.  The  most  recent  in¬ 
vestigations  apparently  enable  us  to  assume  that  diketene  is  the  0-lactone  of  3-hydroxybutenoic  acid  [8-10]. 


The  reaction  of  diketene  with  phenol  (Kq^j  =  1.2  •lO'^®)*  has  been  studied  under  various  conditions  (in 
media  of  different  solvents  and  without  them,  in  the  absence  of  and  widi  the  participation  of  catalysts).  In  a  benz' 
ene  medium  in  the  presence  of  pyridine,  and  in  ether  in  the  presence  of  concentrated  sulfuric  acid,  acetoacetyl- 
phenol  (I)  forms.  With  the  establishment  of  the  structure  of  the  acetoacetyl  phenol  and  all  the  acetoacetyl  deriva¬ 
tives  obtained  for  the  first  time,  one  can  take  advantage  of  their  capacity  for  entering  into  azo-coupling  reac¬ 
tions  because  of  the  methylene  group  of  the  acetoacetyl  radical,  and  also  their  capacity  for  hydrolysis,  with  the 
formation  of  acetone  and  the  original  hydroxy  compound. 


By  azo-coupling  of  acetoacetylphenol  with  diazobenzene,  benzeneazoacetoacetylphenol  (II)  was  obtained; 
its  structure  was  verified  by  hydrolysis,  which  Idd  to  the  formation  of  benzeneazoacetoacetic  acid,  described  in 
the  literature,  and  identified  by  the  product  specially  synthesized  from  ethyl  acetoacetate  and  diazobenzene.  The 
azo  dyes  cannot  have  a  different  structure,  since  the  diazo-compounds  do  not  enter  into  the  nucleus  of  the  .acyl 
derivatives  of  phenol. 


N=NC,H5 


OCOCH2COCH3 


(I) 


CHjCO-CH-COONa 

N=NC,H5 


0 

CHjCOCHjCOONa  +  C:,H5N=N 


During  the  investigation  of  die  chemical  transformation  of  acetoacetylphenol,  only  in  concentrated  sulfuric 
acid  did  we  succeed  in  obtaining  4- methylcoumarin  (III)  in  a  small  yield. 


*  ^OH  ®duals  the  acidity  constant. 
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The  structure  of  4-methylcoumarin.  like  all  the  other  coumarin  derivatives  that  we  synthesized,  was  estab¬ 
lished  by  matching  spectral  absorption  curves  and  melting  points,  and  by  the  absence  of  melting  point  depressions 
on  mixing  die  sample  with  the  known  corresponding  coumarin  obtained,  as  is  welk- known,  from  ethyl  acetoaceute. 

The  reactions  of  diketene  with  the  ortho-  and  para -derivatives  of  phenol,  containing  electropositive  and  elec¬ 
tronegative  substituents,  were  studied  further. 

A  study  of  the  reactions  of  diketene  with  diatomic  phenols  (pyrocatechot  and  hydroquinone)  showed  that  they 
belong  to  diketene  reactions  of  a  different  type. 

Pyrocatechol  like  the  majority  of  ortho-substituted  compounds,  did  not  enter  into  reaction  with  it.  However, 
the  replacement  of  a  hydrt^en  atom  of  one  of  the  hydroxyl  groups  in  pyrocatechol  changed  the  picture  sharply; 
guaiacol  formed  acetoacetylguaiacol  (IV)  with  diketene  in  the  presence  of  basic  (pyridine)  and  acidic  (concentra¬ 
ted  sulfuric  acid)  caulysts. 

The  structure  of  the  acetoacetylguaiacol  was  esublished  by  the  azo-coupling  reaction  which  led  to  the  for¬ 
mation  of  benzeneazoacetoacetylguaiaeol  (V).  The  diazo-compound  could  not  enter  into  the  nucleus,  since  neither 
anisol  nor  its  ortho- substituted  product  could  undergo  the  azo-coupling  reactioa 


Hydroquinone  (Kqh  “  5.7  •10”^^)  readily  formed  monoacetoacetylhydroquinone  (VI)  and  diacetoacetyl- 
hydroquinone  (VII).  The  latter  is  also  formed  by  the  reaction  of  the  monoacetyl  derivative  with  diketene. 


(VI)  (VH) 

The  reaction  proceeds  only  in  die  presence  of  pyridine.  In  order  to  verify  its  structure,  disbenzeneazo- 
diacetoacetylhydroquinone  (VIE)  was  obtained  from  diacetoacetylhydroquinone  and  diazobenzene. 
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HjCOCHCCX;0- 

c;»H5-n=n 


:cx:hcoci^ 

N=N-C,H5 


(vni) 


At  attempt  to  carry  out  a  transformation  of  acetoacetylhydroquinone  to  the  coumarin  derivative  failed. 
Apparently,  this  is  accounted  for  by  its  ease  of  hydrolysis,  which  proceeds  even  in  alcohol  solution  in  the  cold. 

o*Cresol  (Kqh  “  6.3  and  o-bromo phenol,  in  spite  of  a  wide  variation  of  conditions,  did  not  react 

with  diketene.  p-Cresol  (Kqj^  =  6.7  *10"^^)  and  p-bromophcnol,  in  the  presence  of  pyridine,  formed  the  corres¬ 
ponding  acetoacetyl  derivatives  (IX,  X): 


OCOCHjCCXH, 


CHj 

(IX) 


(XOCHjCOCHj 


Br 

(X) 


Numerous  attempts  to  bring  salicylic  acid  and  its  methyl  and  phenyl  esters  into  this  reaction  were  not 
successful. 

Somewhat  unexpectedly  it  was  shown  that  p-^hydroxybenzoic  acid  did  not  react  with  diketene;  its 
'^Kqh  =  5.8  •  10*^*  value  was  close  to  the  value  of  the  acidity  constant  for  phenol  (Kqjj  =  1.2  •  10*^*),  but  the 
carboxyl  group  was  spatially  removed  from  the  hydroxyl. 

Ortho-  and  para-nitrophenols  (Kqjj  =  6.8  *  10“*  and  7  •  10**,  respectively)  did  not  react  with  diketene. 

Salic ylaldehyde  (Kqjj  =  10"^)  differed  sharply  from  ortho-substituted  phenol  with  respect  to  diketene.  and 
particularly,  its  value  was  close  to  that  of  o-nitrophenol.  In  a  solution  of  benzene  in  the  {vesence  of  pyrid¬ 
ine  or  potassium  acetate,  it  formed  3- acetyl-4- me thylcoumarin  (XI)  in  yields  of  40  and  80<]^  respectively;  with¬ 
out  a  catalyst,  the  yield  was  small  and  was  equal  to  4.5%. 


In  order  to  elucidate  the  course  of  the  reaction,  the  aldehyde  group  was  shielded  by  formation  of  azometh- 
ine,  which  was  reacted  with  diketene,  and  also  formed  the  product  (XI). 


Benzaldehyde  in  benzene,  in  the  presence  of  pyridine,  did  not  react  with  diketene.  but  under  the  influence  of 
potassium  acetate,  benzylideneacetone  was  formed.  Benzaldehyde  did  not  react  with  ethyl  acetoacetate.  Hence, 
the  nature  of  the  reaction  of  diketene  with  salicylaldehyde  was  determined  by  the  specific  positions  of  the  hydroxyl 
and  aldehyde  groups. 

p-Hydroxybcnzaldehyde  (Kqjj  =  2.2  *  lO"*).  like  nltrophenol,  did  not  react  with  diketene,  apparently  because 
of  the  high  acidity  constant. 

The  capacity  of  para-substituted  phenols  to  form  acetoacetyl  derivatives  with  diketene  is  determined  by 
the  hydroxyl  acidity  constant  (10*^— lO"^^).  The  oriho-derivatives  usually  do  not  react  with  diketene  (except 
salicylaldehyde  and  guaiacolX  apparently  because  of  the  blocking  action  of  the  substituents  on  hydroquinone. 

EXPERIMENTAL 

1.  Acetoacetylphenol  (I),  a)  4.7  g  phenol  was  dissolved  in  30  ml  of  benzene,  several  drops  of  pyridine 
were  added  and,  over  a  period  of  10  minutes,  4.5  g  diketene  was  added  dropwlse  at  -’10*.  The  mixture  was 
boiled  for  1.5  hours.  After  removal  of  the  benzene,  the  remaining  mass  crystallized. 

The  white  crystals  had  m.p.  of  50*  (from  concentrated  alcdiol  solution);  they  were  soluble  in  benzene, 
xylene,  chlorobenzene,  and  methyl  alcdiol;  the  yield  was  6.36  g  (72.3%). 

0.1200  g  sub.:  0.2960  g  CO^;  0.0641  g  HjO.  0.1024  g  sub.:  0.2525  g  CO^;  0.0514  g  1^0.  0.0998  g  sub.: 

5.52  g  CjHjO;  At  0.16*.  0.1064  g  sub.:  5.564  g  CjHgO:  At  0.17*.  Found  %  C  67.30,  67.30;  H  5.94, 

5.62.  M  188.7;  187.8.  CnHuOi.  Calculated  %:  C  67.40;  H  5.65.  M  178.18. 


261 


b)  To  a  solution  of  14  g  (0.16  mole)  phenol  in  25  ml  ether,  at  —lO*.  several  drops  of  concentrated  sulfuric 
acid  were  added,  and  then  at  the  same  temperamre,  over  a  period  of  15  minutes,  a  solution  of  15  g  (0.18  mole) 
diketene  in  10  ml  ether  was  added  dropwise.  The  mixture  was  heated  for  1  hour  (the  end  of  thei  reaction  was  de¬ 
termined  by  the  disappearance  of  the  odor  of  diketene).  The  ether  was  removed,  and  the  remaining  mass  quickly 
cr5rstallized.  After  separating  the  crystals  on  a  porous  plate,  the  product  obtained  had  m.p.  of  49*;  the  yield  was 
17.9  g  (63.9<7o). 

2.  Benzeneazoacetoacetylphenol  (II).  1.78  g  acetoacetylphenol  was  dissolved,  with  vigorous  stirring,  in 

100  ml  ethyl  alcohol  and  10  ml  0.1  N  solution  of  sodium  acetate.  The  solution  was  cooled,  and  to  it,  over  a 
period  of  2  houn,  with  cooling  and  stirring,  110  ml  0.1  N  solution  of  diazobenzene  was  added.  On  addition  of 
the  diazo-solution.  a  dye  precipiuted—  small  yellow  needles  (from  alcohol),  m’.p.  95-96*  the  yield  was  1.78  g 
(64<^(,). 

0.1502  g  sub.:  13.5  ml  Nj  (19*.  744  mm).  0.1760  g  sub.:  14.4  ml  Nj  (18*,  744  mm).  Found  <7o:  N  10,07, 

9.83.  Ci*Hi4C),N2.  Calculated  %  N  9,93. 

A  solution  of  0.28  g  of  the  azo  dye  (II)  in  10  ml  of  a  5<7o  solution  of  hydrochloric  acid  was  boiled  for  1  hour. 
On  cooling  the  solution,  yellow  crystals,  m.p.  of  185*  (from  alcohol)  were  precipitated.  The  sample,  mixed  with 
specially  synthesized  a-benzeneazoacetoacetic  acid  (m.p.  159-160*)  melted  at  155*;  the  yield  was  0.17  g  (86*^). 

3.  4-Mediylcoumaiin  (in).  1.5  g  acetoacetylphenol  was  dissolved  in  15  ml  of  concentrated  sulfuric  acid 

(d  1.84);  after  20  hours  the  solution  was  poured  onto  ice  and  treated  with  ether;  the  ether  extract  was  washed  with 
a  5^  solution  of  sodium  hydroxide;  after  the  ether  was  removed,  crystals  of  4-me±ylcoumarin  [11],  m.p.  of  80* 
(from  benzene)  remained;  the  yield  amounted  to  a  few  percent. 

4.  Acetoacetylguaiacol  (IV).  6.2  g  (0.05  mole)  guaiacol  was  dissolved  in  50  ml  benzene.  To  the  solution, 
cooled  to  ~10*,  several  drops  of  pyridine  were  added,  and  over  a  period  of  10  minutes  4.5  g  (0.053  mole)  diketene 
was  added.  The  solution  was  heated  for  1.5  hours;  the  benzene  was  removed;  the  viscous  liquid  remaining  quickly 
crystallized.  The  acetoacetylguaiacol  consisted  of  colorless  plates,  m.p.  62-63*  (from  alcohol),  yield  of  7.07  g 
(68<7o  of  the  theoretical,  based  on  guaiacol). 

0.1305  g  sub.:  0.3023  g  COi;  0.0728  g  HjO.  0,1165  g  sub,:  0.2698  g  CO2;  0.0639  g  HjO.  0.1807  g  sub.: 

16.35  g  At  0.31*.  0.1773  g  sub.:  4.503  g  CeH^O:  At  0.35*.  Found  %  C  63.22,  63.22;  H  6.24, 

6.14,  M  181.9,  187.8,  CnHuOi.  Calculated  oJk  C  63.45;  H  5.81,  M  208.2. 

When  the  reaction  was  carried  out  with  traces  of  concentrated  sulfuric  acid  in  the  ether,  the  yield  of  (IV) 
was  58,6<%l 

5.  Benzeneazoacetoacetylguaiacyl.  2.08  g  (0.01  mole)  acetoacetylguaiacol  was  dissolved  in  a  mixture 
of  110  ml  ediyl  alcohol  and  10  ml  0.1  N  solution  of  sodium  acetate.  To  the  solution  cooled  to  0*.  over  a  period 
of  1.5  hours,  110  ml  (0.011  mole)  0.1  N  solution  of  diazobenzene  was  added  with  stirring.  On  addition  of  the 
diazo-solution,  a  yellow  azo  dye,  m.p.  95-97*  (from  alcohol)  gradually  precipitated;  the  yield  was  2.5  g  (83°!o). 

0.1541  g  sub.:  12.1  ml  N2  (18*.  751  mm).  0.1598  g  sub.;  12.3  ml  N2  (17*,  760  mm).  Found  %  N  8,89, 

8,90.  Ci7Hi*04N2.  Calculated  Ik  N  8.97. 

6.  Monoacetoacetylhydtocpiinone  (VI).  3.3  g  (0.03  mole)  hydroquinone  was  mixed  with  30  ml  benzene. 

To  the  mixture  cooled  to  —10*,  over  a  period  of  10  minutes,  several  drops  of  pyridine  and  later  2.8  g  (0.033 
mole)  diketene  were  added.  After  boiling  the  mixture  for  2  hours  and  removing  the  benzene,  a  viscous,  cinnamon- 
yellow  liquid  remained,  which  quickly  crystallized.  By  treatment  of  the  crystalline  mass  with  30  ml  hot  chloro^ 
form  die  reaction  product  was  separated  from  die  unreacted  hydroquinone,  which  did  not  dissolve  in  hot  chloro¬ 
form.  From  the  cooled  chloroform  filtrate  monoace toacetylUydroquinone  precipitated  as  white  needles,  m.p.  102* 
(from  chloroform),  and  readily  soluble  in  acetone,  ether,  and  methyl  alcohol,  less  soluble  in  ethyl  alcohol  and 
benzene;  it  was  insoluble  in  chlorobenzene  and  petroleum  ether;  the  yield  was  5.3  g  (91%). 

0.1113  g  sub.:  0.2532  g  COfe;  0.0543  g  HjO.  0.1130  g  sub.:  0.2572  g  COj:  0.0549  g  H2O.  0.1076  g  sub.: 

7.286  gCaHjO:  At  0.14*.  0.1300  g  sub,:  5.28  g  C, 1^0:  At  22*.  Found  %  C  62.09.  62.10;  H  5.46,  5.43. 

M  176.2,  186,9.  CioHi,04.  CalcuUted  %c  C  61.84;  H  5.19.  M  194.18. 

In  order  to  cany  out  the  hydrolysis,  a  solution  of  0.97  g  (0.005  mole)  monoace toacetylhydroquinone  in  25 
ml  of  a  5%  aqueous  solution  of  sodium  hydroxide  was  heated  on  a  boiling  water  bath.  On  acidification  of  the  solu¬ 
tion,  hydroquinone  was  {vecipitated  quantitatively;  acetone  was  detected  by  the  reaction  with  o-nitrobenzaldehyde 
(formatitm  of  indigo). 
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I,  Diacetoacetylhydroquinone  (VII).  a)  0.3  g  (0.03  mole)  hydroquinone  was  mixed  with  30  ml  benzene. 

To  the  mixture  at  ~10*  several  drops  of  pyridine  were  added,  and  then,  over  a  period  of  15  minutes.  5.6  g  (0.066 
mole)  dilretene  was  added  dropwise;  the  mixture  was  boiled  for  2  hours.  After  concentrating  and  cooling  the  benz¬ 
ene  solution,  diacetoacetylhydroquinone  precipitated  as  white  crystals,  m.p.  121-122*  (from  ethyl  alcdiol);  the 
crystals  were  soluble  in  acetone  and  chloroform,  less  soluble  in  ethyl  alcohol;  they  did  not  dissolve  in  water,  ether, 
methyl  alcohol,  or  benzene;  the  yield  was  7.4  g 

0.1226  g  sub.:  0.2731  g  CQj;  0.0532  g  HjO.  0.1024  g  sub.:  0.2258  g  COj;  0.0501  g  HjO.  Found  %:  C  60.80, 

60,17;  H  4.85,  5.47.  Ci4Hi40^.  Calculated  C  60.53;  H  5.07. 

b)  To  a  solution  of  1.94  g  (0.01  mole)  monoacetoacetylhydroquinone  in  40  ml  of  benzene  at  ~10*,  several 
drops  of  pyridine  and  1.2  g  (0.014  mole)  diketene  were  added;  the  solution  was  boiled  for  1.5  hours.  The  crys¬ 
talline  mass  remaining  after  removal  of  the  benzene  was  freed  of  a  gum  formation,  and  was  then  drawn  off  onto 
a  porous  plate;  the  product  melted  at  122*  (from  ethyl  alcohol).  The  sample,  when  mixed  with  the  known  sub¬ 
stance  described  above,  caused  no  m.p.  depression;  the  yield  was  2.34  g  (84%). 

\  ^ 

8.  Disbenzeneazodiacetoacetylhyig<W|ali»ne  (Vni).  1.39  g  (0.005  mole)  diacetoacetylhy;droquinone  was 

suspended  in  150  ml  of  ethyl  alcohol  mixed  with  40  ml  of  0.1  N  solution  of  sodium  acetate.  To  the  suspension, 
cooled  to  —  1*.  over  a  period  of  1.5  hours,  100  ml  (0.01  mole)  0.1  N  solution  of  diazobenzene  was  added,  with 
vigorous  stirring;  gradually,  a  dye  consisting  of  orange  needles,  m.p.  226-227*  (from  acetic  anhydride),  was  pre¬ 
cipitated;  it  was  insoluble  in  alcohol,  benzene  and  toluene;  the  yield  was  2.36  g  (97%). 

0.1067  g  sub.;  10.8  ml  Nj  (17*.  760  mm).  0.0963  g  sub.:  9.6  ml  N2  (17*.  760  mm).  Found  %:  N  11.70, 

II. 53.  C24H22CfeN4.  Calculated  %:  N  11.52. 

9.  Acetoacetyl-p-cresol  (IX).  2,16  g  (0.02  mole)  p-cresol  was  dissolved  in  35  ml  of  benzene,  the  solution 
was  cooled  to  '*'10*,  and  to  it  several  drops  of  pyridine  and  2  g  (0.024  mole)  diketene  were  added  successively. 

The  solution  was  boiled  for  1  hour,  and  the  benzene  was  removed;  a  viscous,  oily  liquid  remained,  which  crysul- 
lized  on  cooling.  The  acetoacetyl-p-cresol  consisted  of  long  needles,  m.p.  68*  (from  alcohol);  the  yield  was  3.55 
g  (92.5%). 

0.0735  g  sub.;  0.1857  g  CQ^;  0,0433  g  HjO.  0,06:^  g  sub.;  5.026  g  CsHjO;  At  0.11*.  Found  %;  C  68.95; 

H6.66.  M  193,3.  CnHuO,.  Calculated  %c  C  68.93;  H  6,29.  M  192.2. 

10.  Acetoacetyl-p-btomophenol  (X).  To  a  solution  of  4.3  g  (0.025  mole)  p-bromophenol  in  40  ml  of 

benzene,  cooled  to  —10*.  several  drops  of  pyridine  were  added,  and  2.2  g  (0.026  mole)  diketene  was  added  drop- 

wise.  The  solution  was  boiled  for  1  hour  after  the  benzene  was  removed,  crystals  of  acetoacetyl-p-bromophenol 

having  a  m.p.  of  54*.  remained;  the  yield  was  4.7  g  (74.5%). 

11.  3*Acetylcoumarin  (XI).  To  a  mixture  of  1.2  g  (0.01  mole)  salicylalcfehyde  and  0,1  g  anhydrous  potass¬ 
ium  acetate  at  35-40*,  over. a  period  of  1.5  hours,  0.84  g  (0.01  mole)  diketene  was  added.  The  mass  was  poured 
into  25  ml  of  5%  hydrochloric  acid  solution;  from  the  oily  layer  benzene  was  removed.  The  3-acetylcoumarin 
[12]  consisted  of  colorless  crystals,  m.p.  120-121*  (from  ligroin  and  from  50%  aqueous  alcohol);  the  yield  was 
83,7%;  in  the  presence  of  pyridine  the  yield  was  40.4%. 

SUMMARY 

1.  A  method  was  developed  for  obtaining  acetoacetyl  derivatives  of  some  aromatic  hydroxy  compounds. 

2.  It  was  shown  that  the  synthesis  of  acetoacetyl  derivatives  is  accomplished  by  using  basic  catalysts 
(pyridine),  and  in  some  cases  acidic  catalysts  (sulfuric  acid). 
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ALKYLATION  OF  DIPHENYL  BY  ALCOHOLS  IN  THE  PRESENCE  OF  PHOSPHORIC  ACID 


I.  A.  Rotnadan  and  V.  K.  Beizinya 


Judging  from  the  data  in  the  literature,  the  alkyl  diphenyls  have  been  comparatively  little  investigated, 
and  methods  for  obtaining  them  by  direct  alkylation  are  few.  Thus,  Pokrovskaya  and  Sushchih  [1]  alkylated  di¬ 
phenyl  with  hexyl  bromide,  using  aluminum  chloride,  and  obtained  a  mixture  of  mono-,  di-  and  trihexyldiphenyl 
(an  oil  having  a  solidification  point  of  -36*)  in  a  total  yield  of  80%  On  alkylation  of  diphenyl  with  propylene 
and  isopropyl  chloride  in  the  presence  of  AICI3,  mono-  and  diisopropyldi phenyl  were  obtained  as  a  viscous  oil 
having  a  solidification  point  of  “40*  [2], 

The  purpose  of  our  work  was  the  alkylation  of  diphenyl  by  butyl  and  amyl  alcohols  in  the  presence  of  phos¬ 
phoric  acid  (d  1.86-1,87),  which  is  a  mild  condensing  agent,  which  permits  the  production  of,  chiefly,  the  mono- 
substituted  compound,  and  directs  the  radical  into  the  para -position. 

We  effected  the  alkylation  of  diphenyl  with  normal,  iso-  and  tertiary-butyl  alcohols,  and  also  with  iso-  and 
tertiary-amyl  alcohols.  The  condensations  were  carried  out  in  an  apparatus  fitted  with  a  mechanical  stirrer  and  a 
reflux  condenser.  The  alcohols  were  used  in  excess  with  respect  to  diphenyl,  since  they  also  served  as  solvents 
(3-3.5  moles  of  alcohol  to  1  mole  of  diphenyl  and  up  to  4  moles  of  phosphoric  acid). 

The  reaction  mixture  was  heated  for  10-20  hours  at  the  determined  optimal  temperature.  The  yields  of  die 
alkyl  diphenyls  depended  to  a  great  extent  on  the  temperature:  on  alkylation  with  amyl  alcohol  the  best  yields 
were  obtained  at  120-125*;  at  100-110*  almost  all  of  the  diphenyl  was  recovered,  unreacted,  and  the  reaction 
mass  represented  amyl  phosjrfiate,  the  yield  of  the  amyldiphenyl  not  exceeding  20-25%.  At  140-150*  the  diphenyl 
also  was  unaltered,  the  reaction  mixture  separated  into  two  layers,  and  the  upper  layer  consisted  of  a  mixture  of 
unsaturated  hydrocarbons  boiling  at  150-205*—  the  dimer  and  trimer  of  isoamylene,  with  the  former  predominating. 

The  alkylation  of  diphenyl  by  butyl  alcohol  proceecfed  at  90-110*,  depending  on  the  structure  of  the  alcohol. 
At  the  higher  temperatures  chiefly  the  dimer  and  trimer  of  isobutylene  were  obtained. 

The  problem  of  the  mechanism  of  the  alkylation  of  aromatic  compounds  in  the  presence  of  phosphoric  acid 
had  not  been  worked  out  completely  until  now.  It  was  assumed  that  the  alkylating  agent  was  the  ester  [3]. 

On  the  basis  of  a  series  of  experiments,  we  came  to  the  conclusion  that  the  alkylation  of  diphenyl  does  not 
proceed  by  way  of  the  phosphates,  but  by  way  of  hydrocarbons,  which  are  formed  by  the  splitting  off  of  the  phos¬ 
phoric  acid  from  the  ester,  to  form  an  intermediate  product.  The  resulting  phosphates  were  stable  in  the  range  of 
90-115*  (depending  on  the  nature  of  the  alcohol).  In  the  120-125*  range,  comparatively  slow  decomposition  of 
the  esters  with  formation  of  unsaturated  hydrocarbons  occurs,  and  these  hydrocarbons  also  react  with  diphenyl.  At 
higher  temp>eratures,  the  rate  of  decomposition  of  the  esters  increases,  but  at  the  same  time,  the  rate  of  polymeri¬ 
zation  of  butylene  and  amylene  increases,  exceeding  the  rate  of  alkylation. 

,To  elucidate  the  mechanism  of  alkylation  of  dlphenyj  by  alcohols  in  the  presence  of  i^osphoric  acid,  we 
investigated  the  reaction  between  isoamyl  alcohol  and  phosphoric  acid,  at  different  temperatures.  By  heating  the 
mixture  at  90-95*,  the  phosphate  was  obtained,  and  it  was  then  converted  to  the  barium  salt.  At  the  indicated 
temperatures  and  even  in  the  110-115*  range,  we  observed  no  separation  of  the  reaction  mass  into  two  layers,  which 
indicated  the  absence  of  unsaturated  hydrocarbons;  at  a  higher  temperature  we  observed  the  separation  of  the  reac¬ 
tion  mass,  the  upper  layer  consisting  of  a  mixture  of  the  dimer  and  trimer  of  isoamylene.  The  rate  of  formation 
of  the  polymers  increased  with  the  temperature.  In  the  presence  of  comparatively  large  quantities  of  unsaturated 
hydrocarbons,  we  could  not  observe  even  traces  of  the  phosphate. 

Hence,  we  came  to  the  conclusion  that  the  alkylation  of  diphenyl  by  alcohols  proceeds  according  to  the 
following  scheme: 

^OH  ^OH 

(I)  iso-CgHiiOH  +  HO-PO  HjO  +  iso-CjHaOro 

\oH  ^^H 
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On  alkylation  with  Isoamyl  and  isobutyl  alcohols,  alkyl  diphenyls  having  tertiary  radicals  were  obtained, 
which  indicates  isomerization  of  the  radicals  during  the  reaction  process. 

On  alkylation  with  tertiary  alcohols,  the  reactions  were  practically  complete  after  5*6  hours;  for  alcohols 
having  an  iso-radical  the  time  of  heating  amounted  10-12  hours.  The  normal  alcohols  reacted  more  difficultly 
aid  r  equired  heating  from  15  to  20  hours. 

In  this  way  we  obtained  chiefly,  as  expected,  mono -alkyl  diphenyls  having  the  radical  in  the  p-position. 

The  yields  of  the  dialkyl  diphenyls  were  small  (2 

On  alkylation  of  diphenyl  with  n-butyl  alcr^ol  an  oily  product  was  obtained,  with  b.p.  292-296*,  M  209 
(calculated  for  mono-butyldi phenyl.  M  210).  and  a  solidification  point  of  ~43*.  The  structure  of  the  radical 
was  not  elucidated,  therefore  we  cannot  say  whether  isomerization  occurs.  This  substance  had  not  been  described 
in  die  literature. 

On  alkylation  with  iso-  and  widi  tert-butyl  alcohols,  we  obtained  identical  crystalline  substances,  with  m.p. 
of  52*  and  a  b.p.  of  282-285*.  This  substance  corresponded  to  the  p-tert-butyldiphenyl  obtained  by  Schreiner  [4]. 

A  similar  isomerization  was  observed  on  alkylating  diphenyl  with  sec-  and  tert-amyl  alcohols;  in  both  cases, 
we  obtained  the  same  oily  substance,  not  described  in  the  literature,  but  having  a  b.p.  of  304-305*,  M.  221  (by 
calculation,  224),.  and  a  solidification  point  of  —26*. 


TABLE  1 


Products  of  the  Alkylation  of  Diphenyl  by  Alcohols 


boiling  melt-  solid- 
ing  ifica- 
tlon 


Ity  in- 

20*  I  30*  I  dex 


The  viscosity  of  the  oily  product  obtained  was  measured  in  an  Ostwald  viscosimeter.  The  viscosity  values, 
in  poises,are  presented  in  Table  1. 

If  the  viscosity  values  for  the  alkyl  naphthalenes  are  compared  [5,  6]  with  the  viscosities  of  the  alkyl  di¬ 
phenyls,  the  latter  are  small  in  absolute  value,  whereas  the  alkyl  diphenyls  have  the  more  sloping  viscosity  curves 
as  is  obvious  from  the  ij2s:hBs  ratio  given  in  Table  1. 

The  temperatures  of  solidification  of  the  oily  substances  were  comparatively  low.  as  shown  in  the  same  Table. 


TABLE  2 

Conditions  of  Alkylation  of  Diphenyl  by  Alcohols  and  Yields  of  the  Crude  Products 


Alcohol 

1  Quantity  (in 

g) 

Duration 

of  heat¬ 
ing  (hrs) 

Temperature 
of  heating 

Yield  of  crude  product 

Boiling  point  of  crude 
product 

di¬ 

phenyl 

alcoi 

hoi 

cata¬ 

lyst 

(g) 

;io 

25 

65 

20 

120-125* 

8.5 

58 

290-310* 

10 

25 

65 

20 

125-130 

8.3 

57 

290-310 

Isoamyl  * 

10 

25 

65 

20 

130-135 

7.4 

51 

290-310 

10 

25 

65 

20 

145-150 

6 

41 

290-310 

10 

25 

80 

20 

120-130 

8.7 

60 

290-310 

Tert-amylj 

5 

20 

80 

10 

100-105 

3 

41.5 

290-310 

10 

20 

80 

10 

110-115 

4,4 

58 

290-310 

10 

40 

65 

20 

115-120 

1.8 

13 

270-290 

10 

40 

65 

20 

95-100 

5.5 

40.4 

270-290 

Isobutyl  •* 

10 

40 

65 

10 

95-100 

2.7 

20 

270-290 

10 

20 

100 

20 

95-100 

6.4 

46 

270-290 

10 

20 

100 

10 

95-100 

6 

44 

270-290 

Tert-butyl 

5 

14 

80 

10 

85-90 

3.2’ 

46 

280-285 

n -Butyl 

10 

40 

80 

20 

100-105 

4.9 

36 

287-296 

EXPERIMENTAL 

Alkylation  of  Diphenyl  by  Alcohols 

After  completion  of  the  reaction  carried  out  under  the  conditions' described  above,  the  reaction  mixture  was 
poured  into  an  equal  quantity  of  water,  and  the  upper  layer  was  separated.  The  unaltered  diphenyl  was  steam-dis¬ 
tilled.  but  the  alkyl  diphenyl  remained  in  the  flask  as  an  oily  substance.  The  oil  was  separated,  dried  over  calc¬ 
ium  chloride,  and  distilled  twice  over  metallic  sodium.  The  experimental  data  are  recorded  in  Tables  1  and  2. 

On  determination  of  the  molecular  weight,  the  value  obtained  was  smaller  than  that  obtained  by  calculation,  since 
diphenyl  was  not  completely  removed. 

Preparation  of  Isoamyl  Phosphate 

1.  40  g  of  isoamyl  alcohol  and  65  g  of  phosphoric  acid  were  heated  at  90-95*  for  10  hours.  At  these 
temperatures  the  mass  did  not  sepatate  into  two  layers.  The  reaction  mass  was  pouted  into  a  small  quantity  of 
water  (10-12  ml),  and  the  unreacted  isoamylalcohol  was  removed  in  a  separatory  funnel.  To  the  remaining  acid 
solution  was  added  500  ml  of  water,  and  then  small  portions  of  barium  hydroxide  were  introduced  until  the  solu¬ 
tion  was  slightly  alkaline  (to  litmus).  The  barium  phosphate  which  precipitated  was  filtered  off.  Carbon  dioxide 
was  passed  into  the  mother  liquor,  and  the  precipitated  barium  carbonate  was  filtered  off.  From  the  mother  liquor 
concentrated  on  the  water  bath,  crystals  of  the  barium  salt  of  isoamyl  phosphate  precipitated.  After  recrystalli¬ 
zation  from  alcohol,  well-defined,  colorless  crystals  were  obtained. 

Found  Ba  45.28;  P  10.24.  C,Hu04PBa.  Calculated  Ba  45.00;  P  10.20. 

2.  On  heating  die  same  quantities  of  reagents  for  10  hours  at  120-125*,  a  separation  of  the  mass  into  two 
layers  was  observed.  The  upper  layer  consisted  of  a  mixture  of  the  dimer  and  trimer  of  isoamylene;  8  g  was  ob¬ 
tained.  The  lower  layer  conuined  isoamyl  phosphate. 

3.  The  proportion  of  the  reagents  was  the  same.  They  were  heated  for  10  hours  at  130-135*.  14  g  of  un¬ 
saturated  hydrocarbons  were  obtained,  but  the  phosphate  was  not  observed.  The  unsaturated  compounds  obtained 


were  washed,  dried  and  fracticnally  distilled.  The  3  fractions,  having  b.p.'s  of  155-160,  195-200  and  200-205* 
were  separated.  Results  of  the  determinations  of  molecular  weights  and  iodine  numbers  are  given  in  Table  3. 

Judging  from  the  data  given, 
the  fraction  with  b.p.  155-160* 
corresponded  to  the  dimer  of  iso- 
amylene  having  the  formula  C'loHao; 
the  fraction  with  b.p.  200-205* 
conesponded  approximately  to  the 
trimer  of  isoamylene,  for  which  the 
calculated  Iodine  number  was  equal 
to  120,  and  the  molecular  weight  was 
equal  to  210;  the  middle  fraction  (b.p. 
195-200*)  was  a  mixture  of  the  dimer 
and  trimer. 

1.  A  mediod  for  the  alkylation  of  diphenyl  by  alcohols  in  the  presence  of  phosphoric  acid  was  developed, 
and  the  mechanism  of  the  reaction  was  elucidated. 

2.  It  was  found  that  in  the  presence  of  phosphoric  acid,  chiefly  the  monoalkyl  diphenyls  were  formed,  and 
in  diem  die  secondary  radical  Isomerized  to  the  tertiary  structure  and  was  located  in  the  p- position. 

3.  p-Tert-amyldi{rfienyl  and  p-butyldiphenyl,  which  were  unknown  in  the  literature,  were  obtained. 
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TABLE  3 


Boiling  point 

1  Molecular  weiRht  | 

General 

1  Iodine  number 

found 

calculated 

formula 

found 

calculated 

155-160* 

145 

140 

178 

181 

195-200 

165 

Mixture 

140 

Mixture 

200-205 

198 

210 

CifiHs, 

106 

120 

SUMMARY 
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CYANOETHYLATION  OF  THE  NUCLEUS  OF  AROMATIC  COMPOUNDS 


A,  D.  Grebenyuk  and  I,  P.  Tsukervanik 


We  found  earlier  [1]  tiiat  allylnitrile  readily  adds  to  benzene  in  the  presence  of  Aids,  forming  the  nitrile  of 
6-phenylbutyric  acid  in  almost  quantitative  yield.  At  the  same  time,  acrylonitrile  is  characterized  by  its  great 
passivity  in  the  Friedel-Crafts  reaction.  This  reaction  with  benzene  had  not  been  successful  until  the  present  time 
[1.  2];  only  the  cyanoethylation  of  the  nucleus  of  phenol  [2]  and  polyatomic  phenols  [3]  was  known.  We  set  our¬ 
selves  the  problem  of  finding  the  source  of  the  low  reactivity  of  acrylonitrile  in  these  syntheses,  and  of  determining 
conditions  under  which  it  was  feasible  to  carry  out  the  cyanoethylation  of  the  nucleus  of  various  aromatic  compounds. 

It  is  well-known  that  the  great  activity  of  the  double  bond  of  acrylonitrile  [3]  is  determined  by  the  polarization 

force  of  its  molecule.  The  direction  of  the  polarization  CH2=CH-C^  is  determined  by  the  clearly  expressed 
electrophilic  character  of  acrylonitrile,  which  should  promote  the  alkylation  of  the  aromatic  nucleus. 


Fusibility  diagram  of  the  system  acrylo¬ 
nitrile"  aluminum  chloride. 


We  assumed  that  the  passivity  of  acrylonitrile  in  the  presence  of 
AIQ3  was  connected  with  the  changes,  which  were  introduced  by  com¬ 
plex  formation  at  the  nitrile  group,  in  the  mutual  effect  of  this  group 
and  the  double  bond.  Apparently,  the  individual  stability  of  the  complex 
forming  is  of  decisive  value.  It  is  known  that  some  unsaturated  ketones 
[4]  and  nitro- compounds  [5.  6],  in  molecules  in  which  an  electronegative 
group  binding  AICI3  in  the  complex  is  joined  to  a  double  bond,  react 
with  benzene  without  difficulty. 

On  the  basis  of  literature  data  on  the  heats  of  complex  formation 
of  benzonitrile  [7],  acetophenone  and  nitrobenzene  [8],  it  is  possible  to 
estimate  the  relative  stabilities  of  the  complexes  of  the  corresponding 
0,0- unsaturated  compounds  with  AICI3.  The  nitrile  complex  should  be 
the  most  stable  in  this  series. 

A  thermal  analysis  of  the  system  AICI3  •  C2H3CN  (figure)  confirmed 
the  assumption  concerning  the  high  stability  of  this  complex.  The  fusi¬ 
bility  curve  had  two  sharply  expressed  maxima  —  one  at  118®,  correspond¬ 
ing  to  the  compound  Al2Cl«*  2C2H3CN,and  the  other  at  181*,  correspond¬ 
ing  to  the  compound  Al2Cl«  •  4C2H3CN. 

We  also  studied  the  influence  of  HCl  on  the  cyanoethylation  of 
benzene.  It  was  shown  that,  on  saturation  of  a  benzene  solution  of  acrylo¬ 
nitrile  with  hydrogen  chloride,  followed  by  introduction  of  1. 5-3,5  mole$ 
of  AICI3.  the  nitrile  of  hydrocinnamic  acid  was  obtained  in  gooid  yield 
(55-66®jb).  Condensation  rf  the  0-propionitrile  proceeded  in  the  same 
manner. 


CH2=CH-CN  CICH2CH2CN  C6H5CH2CH2CN. 

AICI3 

HCl  did  not  promote  the  reaction,  if  the  reaction  mixture  was  saturated  after  the  addition  of  AICI3.  Hence, 
we  came  to  the  conclusion  that  complex  formation  impedes  the  addition  of  HCl  to  the  double  bond  of  acrylonitrile. 
This  was  directly  confirmed  experimentally:  on  saturation  of  a  benzene  solution  of  acrylonitrile,  in  the  presence  of  ' 
AICI3.  by  HCl,  not  even  traces  of  0-chloropropionitrile  were  obtained.  The  method  developed  for  the  synthesis  of 
the  nitrile  of  hydrocinnamic  acid  is  considerably  simpler  than  that  described  earlier,  and  is  of  preparative  interest. 


By  the  condensation  of  0-chloropropionitrile  with  chlorobenzene,  a  mixture  of  the  nitriles  of  o-  and  p-chloro- 
hydrocihnamic  acids  was  obtained  in  a  total  yield  of  65<7o; 


Next,  the  condensation  of  acrylonitrile  with  o -xylene  and  mesitylene  was  studied,  the  hydrogens  of  the  nuclei 
of  these  compounds  being  more  mobile  titan  in  benzene  [9,  10],  These  hydrocarbons  were  cyanoethylated  directly 
by  acrylonitrile  by  using  2-3.5  moles  of  AICI3.  A  mixture  of  nitriles,  in  a  yield  of  about  was  obtained.  From 
tile  reaction  products  from  o-xylene.  the  nitrile  of  p-methylhydrocinnamic  acid  (IV)  was  obtained. 

On  the  basis  of  these  experiments,  we  came  to  the  conclusion  that  the  capacity  of  the  double  bond  of  acrylo¬ 
nitrile  for  addition  reactions  in  its  AICI3  complex  was  weakened,  but  not  destroyed.  It  might  be  expected  that  a 
considerable  increase  of  the  temperature,  diminishing  the  stability  of  the  complex,  would  favor  the  cyanoethyla- 
tion  reaction.  On  carrying  out  reactions  of  acrj'lonitrile  with  benzene  (in  an  autoclave)  and  chlorobenzene  at  140- 
180*  with  2. 5-3. 5  moles  of  AICI3.  the  corresponding  alifrfiatic -aromatic  nitriles  were  obtained,  but  in  small  yields 
(12-27<%). 

In  order  to  elucidate  tiie  relationship  of  the  reactivity  of  the  double  bond,  joined  to  the  nitrile  group,  to  the 
stability  of  the  intermediate  complex  with  AICI3.  we  studied  the  condensation  of  benzene  with  the  nitriles  of 
y.y.y-trichlorocrotonic  acid  (V)  and  cinnamic  acid. 

Accumulation  of  chlorine  atoms  at  the  a -position  to  the  carboxyl  group  diminished  the  stability  of  the  com¬ 
plex  of  BF3  with  the  acids  [11].  The  complexes  of  the  halogenonitriles  with  Aids  were  more  easily  broken  down  to 
their  components  on  heating,  than  were  the  compounds  with  acetonitrile  [12,  13].  The  phenyl  group  shows  the  same 
effect:  the  stabilities  of  the  complexes  with  Aids  diminish  in  the  series:  QHgCHO '  A1Q3>  QHsCO  *  AlCl3> 

ins 

>C«H5C0  ‘Aids  [8].  The  basicity  of  the  nitrile  group  also  decreases  on  going  from  the  acetonitrile  to  phenyl- 

CeHs 

acetonitrile  [14].  Since  the  double  bond  did  not  create  an  obstacle  to  tiie  transfer  of  the  effects  of  the  halide  and 
phenyl  groups,  Vfe  expected  that  the  subility’of  the  nitrile  complexes  of  y,y,y-tiichlorocro tonic  (V)  and  cinnamic 
acids  would  be  considerably  weakened,  and  that  condensation  with  them  would  proceed  easily. 

Our  expectations  were  confirmed.  The  nitrile  of  y.y.yrtrichlorocro tonic  acid  (V)  with  1.2  moles  of  Aids 
on  heating  with  benzene  for  5  hours  at  60-70*,  yielded  die  nitrile  of  fl-phenyl-y,y-dichlorovinylacetic  acid  (VI) 
in  a  yield  of  63<%  of  the  theoretical: 

HCl 

djC-CH-CHsCN  1  - ►  dsC=C-CH2CN 

C»H5  J  C«H5 

(V)  (VI) 

The  nitrile  of  cinnamic  acid  was  condensed  with  benzene  in  the  presence  of  1.5  moles  of  Aids 
gave  the  nitrile  of  fl.  0- diphenylpropionic  acid  in  a  yield  of  93%: 

C«H,  +  CgHsCH=CH-  CN^-— -  j-*-  (C,H5)2CHCH2CN 

(VII) 

We  assume  that  the  present  reaction,  like  all  Friedel-Crafts  syntheses,  proceeds  through  the  triple  complex 
of  reactants  with  AlCls.  according  to  the  scheme: 


CgHg  +  dsCCH=CH-CN 


Aid. 


+  CH2=CH-CN  +  Aids 


CH2-CH=C=N:  Aids 


I^^CHjCHsCN^  Aids 


The  1.4-addition  of  benzene  to  acrylonitrile  by  this  mechanism,  when  the  formation  of  new  and  the  rupture 
of  old  bonds  proceeds  simultaneously  in  the  triple  complex,  is  not  very  probable  because  of  the  excessive  distance 
W  the  hydrogen-acceptor  .  nitrdgen  atom,  and  also  because  of  the  diminishing  basic  properties  of  nitro¬ 

gen  after  formation  of  the  complex;  tiierefore.  we  assumed  that  the  reaction  proceeded  as  the  1,2-addition.  The 
passivity  of  the  double  fcond  of  acrylonitrile  could  then  be  accounted  for  by  the  fact  that  the  additional  polariza¬ 
tion  of  the  molecule.,  under  the  influence  of  the  complex  connected  to  Aids,  decreases  the  mobility  of  the  elec¬ 
trons  in  the  system  of  conjugated  bonds,  and  makes  it  more  difficult  for  the  reaction  to  proceed  according  to  the 
scheme  presented.  The  decrease  of  the  stability  of  die  complex  under  the  influence  of  the  electronegative  group 
or  on  increase  of  the  temperature,  increases  the  mobility  of  the  electrons  and,  consequently,  facilitates  the  reac¬ 
tion. 
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EXPERIMENTAL 

Thermal  Analysis  of  the  System  Acrylonltrile-Alum  inum  Chloride 

We  used  acrylonitrile,  carefully  purified  and  having  the  following  constants:  b.p.  75.4-75.5*  (718  mm), 
dj*  0.8063,  n|5  1.3911.  Aids  of  "purified"  grade  was  mixed  with  freshly  cut  A1  and  sublimed.  The  completely 
white  AICI3,  containing  no  iron,  was  sealed  in  a  small  ampoule. 

The  measurements  were  made  in  a  small  cryoscope  fitted  with  a  side  tube  having  a  ground-glass  stopper. 

>  In  the  cryoscope.  through  rubber  stoppers  were  inserted  a  thermometer,  a  platinum  stirrer,  and  a  small  tube  contain- 

I  ing  H2SO4,  to  keep  moisture  from  the  air  from  getting  in. 

j  To  a  definite  weight  of  AlClj,  the  nitrile  was  quickly  added  from  a  dropper  through  the  tube;  its  quantity  was 

I  determined  by  differences  in  the  weight  of  the  dropper.  A  cooling  curve  was  obuined  for  each  mixture.  The  tem- 

I  perature  was  recorded  every  30  seconds.  A  discontinuity  on  the  cooling  curve  corresponded  to  the  temperature  of 

^  the  appearance  of  the  first  crystals.  Each  determination  was  repeated  3-4  times,  until  replicate  -  results  were 

obtained.  The  fusibility  curves  obtained  are  shown  in  the  Figure.  For  0  to  17  mole  %o{  Aids  “ot  suc- 

>  ceed  in  determining  the  temperature  of  crystallization  because  of  strong  supercooling,  and  at  66  to  100  mole 

I  because  of  the  volatilization  of  Aids. 

Condensation  of  6- Chlor opro pi 0 ni tri le  with  Benzene  and  Chlorobenzene 

The  condensation  was  carried  out  in  a  three-necked  flask,  fitted  with  a  stirrer,  thermometer  and  reflux  con¬ 
denser.  which  through  a  calcium  chloride  tdbe  was  connected  to  a  Tishchenko  bottle  for  absorbing  the  HCl.  To  a 
solution  of  B-chloroprbpionitrile  and  the  aromatic  compound,  portions  of  Aids  were  added.  Dissolution  was  ac¬ 
companied  by  the  evolution  of  heat  and  by  the  appearance  of  a  bright  color:  green  for  the  reaction  with  benzene, 
and  red  for  the  reaction  with  chlorobenzene.  Moreover,  a  voluminous  white  precipitate  of  the  complex  deposited. 
The  mixture  was  heated  on  a  water  bath  or  g^id  until  the  evolution  of  HCl  abated.  The  excess  Aids  com¬ 

plex  were  gradually  dissolved.  The  reaction  mixture  was  decomposed  by  dilute  hydrochloric  acid.  The  reaction 
products  were  extracted  with  benzene  or  ether,  washed  with  water,  and  dried  over  Cads.  After  removal  of  the 
solvent,  the  residuals  were  fractionally  distilled  in  vacuo. 

By  a  series  of  experiments  we  determined  the  effects  of  the  quantity  of  Aids,  reaction  temperature  and 
the  duration  of  reaction. 

B~Chloto|gopionitrile~  benzene.  10  g  of  B-chloropropionitrile.  26  g  of  benzene,  and  51.3  g  of  Aids  were 
used.  The  molar  ratio  was  1:3:3. 5.  The  mixture  was  heated  for  29  hours  at  80-98*.  10  g  (69%)  of  the  nitrile  of 
hydrocinnamic  acid  (I)  was  obtained: 

B.p,  125-126*  at  15  mm.  ng  1.5266.  df  1.0016,  MRp  40.18;  calculated  39.99, 

The  amide  of  hydrocinnamic  acid.  To  a  solution  of  2.7  g  (0.026  mole)  of  nitrile  (I)  in  10  ml  of  alcohol 
was  added  10.5  ml  of  20%  HjOs.  and  then  0.9  ml  of  a  6  N  solution  of  NaOH.  After  heating  slightly,  an  exothermic 
reaction  began  with  the  liberation  of  oxygen.  The  temperature  for  cooling  was  maintained  at  45-50*.  For  comple¬ 
tion  of  the  reaction  the  mixture  was  heated  at  the  same  temperature  for  1  hour  on  the  water  bath.  After  neutra¬ 
lization  with  5%  H2SO4,  the  alcohol  was  removed  until  the  mixture  separated  into  two  layers.  On  cooling,  the 
lower  layer  crystallized.  2.6  g  of  the  amide  of  hydrocinnamic  acid  was  obtained.  After  lecrystallization  from 
benzene  its  m.p.  was  99-100*.  The  sample,  mixed  with  the  amide  obtained  from  hydrocinnamic  acid,  caused 
no  m.p.  depression. 

B-Chloropropionitrile~  chlorobenzene.  10  g  of  B-chloropropionitrile,  25  g  of  chlorobenzene,  and  43.8  g 
of  Aids  were  used.  The  molar  ratio  was  1:2:3.  The  mixture  wiis  heated  for  25  hours  at  140*.  11.9  g  (64,6%)  of 
a  mixture  of  the  nitriles  of  o-chlorohydrocinnamic  (11)  and  p-chlorohydrocihnamic  (III)  acids  was  obtained.  The 
crude  product  had  b.p.  140-159*  at  15  mm  and  was  hactionally  distilled  in  vacuo.  The  following  three  fractions 
were  obtained:  1st,  140-145*  at  15  mm;  2nd.  148-153*  at  15  mm;  and  3rd,  153-156*  at  15  mm. 

The  nitrile  of  o-chlorohydrbcinnamic  acid  (II); 

B.p.  140-145*  at  15  mm;  nfj  1.5390.  dS®  1,1390;  MR^  45.51;  calculated  44.85. 

o-Chlorohydrocinnamic  acid.  2.5  g  of  nitrile  (II)  was  boiled  at  145-150*  with  50%  H2SO4  for  1.5  hours. 

After  cooling,  the  upper  layer  crystallized.  The  acid  obtained  was  purified  by  reprecipitation  from  a  soda  solution, 
and  was  re  crystallized  from  petroleum  ether.  3,3  g  of  o-chlorohydrocinnamic  acid  having  a  m.p,  of  95.5-96.5* 
was  obtained.  The  literature  [15]  gives  m.p.  96.5-97*  for  this  acid. 
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The  nitrile  of  p-chlorohydrocinnamic  acid  (III) 

B.p.  153-156*  at  15  mm.  ng  1.5400,  1.1532,  MRd  45.03;  Calculated  44.85. 

The  amide  of  p*chlorohydrocinnamic  acid,  obtained  in  the  same  way  as  the  amide  from  hydrocinnamic  acid, 
had  a  m.p.  of  129''130*  (from  benzene). 

4.49  mg  sub.:  0.315  ml  Nj  (16*.  742  mm).  Found  «kr.  N  8.10.  C:,Hi,NOCl.  Calculated  <>fe  N  7.63. 

p»Chlorohydrocinnamic  acid,  obtained  in  the  same  way  as  the  o-isomer,  had  a  m.p.  of  121-122.5*.  Accord¬ 
ing  to  the  literature  [15].  the  m.p.  is  122-123*  (from  petroleum  ether). 

Condensation  of  acrylonitrile  with  benzene  with  preliminary  saturation  of  the  reaction  mixture  with  HCl.  A 
solution  of  6.8  g  (0.13  mole)  acrylonitrile  in  29.9  g  (0.38  mole)  benzene,  cooled  with  ice.  was  saturated  for  3  hours 
with  HCl.  and  then  kept  at  room  temperature  for  12-15  hours.  After  addition  of  60  g  (0.45  mole)  of  Aids, 
mixture  was  heated  for  30  hours  at  84-98*.  The  reaction  products  were  separated  as  usual.  11  g  (66^)  of  the  nitrile 
of  hydrocinnamic  acid  (I)  was  obtained; 

B.p.  125-126*  at  15  mm.  ng  1.5266,  d4  1.0016.  MRd  40.18;  claculated  39.99. 

The  amide  obtained  had  a  m.p.  of  100*,  and  {soduced  no  melting  point  depression  with  the  known  amide  of 
hydrocinnamic  acid. 

Condensation  of  acrylonitrile  with  mesitylene,  o-xylene  and  chlorobenzene.  A  portion  of  Aids  added 
to  a  solution  of  acrylonitrile  in  an  aromatic  compound.  In  order  to  dissolve  all  of  the  Aids  precipitated 

complex,  the  mixture  was  heated  on  the  water  bath.  Then  the  heating  was  carried  out  on  the  grid.  The  evolution 
of  HCl.  observed  at  first,  quickly  ceased.  The  reaction  mixture  was  treated  in  the  same  way  as  for  the  reaction 
with  B-chloropropioniDile. 

Acrylonitrile" mesitylene-.  6.8  g  acrylonitrile,  22.8  g  mesitylene,  and  52.5  g  of  AlCls  were  used.  The  molar 
ratio  was  1:1. 5:3.  The  mixture  was  heated  for  9.5  hours  at  130-135*.  8.9  g  of  a  fraction  at  128-138*  at  12  mm 
(47*%^  based  on  the  nitrile  of  methylhydroclnnamic  acid)  was  obtained. 

For  determination  of  the  physical  constants  and  for  analysis,  the  129-133*  fraction  at  12  mm,  ng  1.4822, 
d^  0.9437,  MRd  43.8,  was  uken;  calculated  for  the  nitrile  of  methyl  hydrocinnamic  acid,  44.6. 

3.86  mg  sub.:  0.322  ml  Ns  (23*,  719.5  mm)..  Found  N  9.12.  CuHuN.  Calculated  ^  N  9.65. 

Saponification  with  50<^  HSSO4  gave  an  acid  in  the  form  of  a  viscous  oil  having  a  b.p.  of  150-159*  at  5  mm. 
which  failed  to  crystallize. 

On  reduction  with  sodium  in  anhydrous  alcohol,  we  obtained  an  amide  with  b.p.  116-122*  at  12  mm.  We 
obtained  the  amide  plcrate  having  a  m.p.  of  143-153*,  from  which  7  recrystallizations  from  alcohol  yielded  a 
fraction  having  a  m.p.  of  104-167*. 

Acrylonitrile— o-xylene.  6.4  g  acrylonitrile.  41.3  g  o-xylene  and  48.2  g  Aids  were  used.  The  molar 
ratio  was  1:3:3.  The  mixture  was  heated  for  9  hours  at  130*.  9.7  g  (55,4%  based  on  the  nitrile  of  methylhydro- 
cinnamic  acid)  of  a  crude  [xoduct.  b.p.  124-160*  at  15  mm.  was  obtained.  After  distillation  in  vacuo,  the  follow¬ 
ing  fractions  were  obtained:  lst,124-131*j  2nd, 131-136*;  3rd,137-141*;  and  4th.  147-154*  at  15  mm. 

Nitrile  of  methylhydrocinnamic  add  (the  structure  was  not  elucidated): 

B.p,  131-136*  at  15  mm.  ng  1.4947,  dj®  0.9589,  MRd  44.07;  calculated  44.6, 

Saponification  with  50%  HSSO4  produced  an  acid  having  a  b.p.  of  125-127*  at  3  mm. 

0.2219  g  sub.;  11.90  ml  0.0927  N  KOH.  Found;  M  172.9,  CisHuOs.  Calculated:  M  164. 

The  nitrile  of  p- methylhydroclnnamic  acid  (IV); 

B.p.  137-141*  at  15  nun  [15],  ng  1.4988,  df  0.9628,  MI^d  calculated  44.07. 

Found  N9.27.  CuHuN.  Calculated  N  9.65. 

p- Methylhydroclnnamic  acid  was  obtained  by  boiling  the  nitrile  wlfli  60%  HsSQs.  The  melting  point  after 
reaystallization  from  petroleum  ether  was  116-117*.  Accordingto  data  in  the  literature,  the  m.p.  is  116  and  120* 
[15]. 

Found:  M  166.7.  CisHi,Oj.  Calculated:  M  164.0. 
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Oxidation  of  p-methylbydiocinnamic  acid  by  an  alkaline  solution  of  KMnQi  gave  terephthalic  acid  which 
was  converted  by  diazomethane  to  the  dimethyl  ester  having  a  m.p.  of  138-140*  (from  alcohol).-  The  sample 
when  mixed  with  the  known  ester  of  terq}hdialic  acid  produced  no  m.p.  depression. 

Mixture  of  nitriles  of  dimethylhydrocinnamic  acids; 

B.p.  147-154*  at  15  mm.  n”  1.5160.  dj*  0.9758,  MR^  49.21;  calculated  49.33. 

Saponification  by  50‘%  H2SO4  yielded  an  acid  with  b.p.  of  130-140*  at  3  mm.  On  prolonged  standing,  the 
acid  partially  crystallized.  The  melting  point  of  the  crystals  (from  petroleum  ether)  was  105-107*.  The  melting 
points  given  in  the  literature  for  2,4-dimethylhydrocinnamic  acid  were  106  and  111.5*[15]. 

0.3923  g  sub.:  19.7  ml  0,0927  N  KOH.  Found:  M  184.6,  CuHi^O,.  Calculated:  M  178, 

Acrylonitrile"  chlorobenzene .  6.8  g  of  acrylonitrile,  29  g  of  benzene  and  56.3  g  of  Aids  used.  The 

molar  ratio  was  1:2:3.2.  The  mixture  was  heated  for  30  hours  at  140-165*.  2.5  g  (12<^)  of  the  nitrile  of  o-chloro- 
hydrocinnamic  acid  (II)  was  obtained: 

B.p.  147-152*  at  15  mm.  njJ  1.5475.  dj*  1.1706.  MRj)  44.86;  calculated  44.85. 

On  saponification  with  50^  H2SO4,  o-chlorohydrocinnamic  acid  having  a  m.p,  of  96-97*  [15]  was  obtained, 
and  it  produced  no  depression  of  the  melting  point  when  mixed  with  o-chlorohydrocinnamic  acid  obtained  by  the 
condensation  of  0-chloropropionitrile  with  chlorobenzene. 

Condensation  of  acrylonitrile  with  benzene.  To  a  solution  of  6.8  g  (0.13  mole)  of  acrylonitrile  in  29  g 
(0.37  mole)  of  benzene.  47.7  g  (0.36  mole)  of  Aids  was  gradually  added.  The  mixture  was  heated  on  the  water 
bath  until  all  the  Aids  and  the  precipitated  complex  were  dissolved,  then  it  was  quickly  poured  into  an  auto¬ 
clave  and  heated  for  10  hours,  at  150-160*.  After  the  usual  treatment  of  the  reactiai  mixture,  4.5  g  (27o|',)  of 
the  nitrile  of  hydrocinnamic  acid  (1)  was  obtained: 

B.p.  128-130*.  at  16  mm.  ng  1,5228,  dj*  1.0015.  MRd  39.9;  calculated  39.9. 

Saponification  with  NaOH  in  the  presence  of  hydrogen  peroxide  yielded  the  amide,  having  a  m.p.  of  105-106* 
whereas  the  highest  melting  point  given  in  thq  literawre  was  105*  [16]. 

Condensation  of  the  nitrile  of  cinnamic  acid  with  benzene.  To  a  solution  of  6.4  g  (0.05  mole)  of  the  nitrile 
of  cinnamic  acid,  which  was  obtained  tom  acrylonitrile  and  phenyldiazonlum  chloride  [17],  in  35  g  (0.45  mole) 
of  benzene.  10  g  (0.075  mole)  of  Aids  v«ras  added.  The  mixture  was  heated  for  5  hours  at  ^0*.  After  the  usual 
treatment  of  the  mixture,  8.9  g  (93%)  of  the  nitrile  of  B,  8-dlphenylpropionic  acid  (VII)  was  obtained: 

B.p.  181-183*  at  5  mm;  163-165*  at  2  mm;  m.p.  88-89*.  According  to  data  in  the  literature,  the  m.p.  is 

100*  [15].  In  spite  of  repeated  recrystalUzat’ion  from  petroleum  ether  and  alcohol,  we  did  not  succeed  in 

raising  the  melting  point. 

Production  of  6,fl-dlphenylpropionic  acid  and  its  amide.  A  solution  of  1.8  g  (0.0087  mole)  of  nitrile  (VII) 
and  1.8  g  (0.033  mole)  of  KOH  in  9  ml  of  alcohol  was  boiled  for  2  hours.  Strong  evolution  of  NHs  was  observed. 

The  crystals  precipitating,  after  dilution  with  water  and  cooling  were  washed  widi  water,  dried  and  recrystallized 
from  benzene.  In  this  way,  the  amide  with  m.p.  of  126-127*  was  obtained.  According  to  data  in  the  literature, 
the  m.p.  is  127*  [15]. 

Found  %:  N  6.21.  CjaHjjNO.  Calculated  %c  N  6.20. 

0.8-Diphenylpropionic  acid  was  precipitated  from  the  alkaline  filtrate  after  it  was  acidified  and  concentra¬ 
ted  to  a  small  volume  The  acid  crystallized  from  dilute  alcohol  in  the  form  of  large,  thick  needles,  m.p.  154- 
155*.  According  to  data  in  the  literature,  the  m.p.  was  154-155*  [15]. 

Production  of  the  nitrile  of  Y.Y.y'trichlorocrotonic  acid  (V).  124  ml  of  pyridine  was  mixed,  with  cooling, 

with  39.5  g  (0.47  mole)  of  cyanoacetic  acid.  To  the  solution  obtained.  100  g  (0.7  mole)  of  chloral  was  added 
from  a  dropping  funnel  at  such  a  rate  that  the  flask  was  only  slightly  warm.  After  40  minutes  the  evolution  of  CO2 
began.  After  addition  of  all  of  the  chloral  the  mixture  stood  for  12  hours,  and  then  was  stirred  for  2  hours  at  room 
temperature,  and  for  1  hour  at  the  water  bath  temperature,  until  the  evolution  of  CC)2  ceased.  The  pyridine  was 
wa^ed  off  with  20%  H2SO4,  and  the  product  was  extracted  several  times  with  ether.  The  ether  extract  was  washed 
with  water  and  dried  over  calcined  Na2S04.  After  removal  of  the  ether,  the  residuals  were  fractionally  distilled 
in  vacuo.  20.6  g  of  nitrile  (V)  was  obtained: 

B.p.  96-97*  at  38  mm.  121-123*  at  90  mm.  n{J  1.5027,  dj*  1.4160.  MRp  35.57;  calculated  34.57. 
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3.225  mg  sub.:  3.327  mg  CO,;  0.450  mg  HjO.  7.820  mg  sub.:  0.659  ml  Nj  (32’.  709  mm).  0.2083  g  sub.; 

0.5222  g  AgCl  Found  C  28.15:  H  1.56;  N  8.7;  Cl  62.02.  C4H2CISN.  Calculated  C  28.15;  H  1.17; 

N  8.2;  Cl  62.46,  Nitrile  of  y»y,y“trichlorocrotonic  acid  is  not  described  in  the  literature. 

On  saponification  of  nitrile  (V)  with  an  alcoholic  solution  of  KOH,  fumaric  acid,  m.p.  280*.  was  obtained, 
and  produced  no  depression  of  the  melting  point  when  mixed  with  known  fumaric  acid. 

Condensation  of  the  Nitrile  of  y,  y,  y-Trichlorocrotonic  Acid  with  Benzene 

A  solution  of  6  g  (0.035  mole)  of  nitrile  (V)  in  35  g  (0.45  mole)  of  benzene,  after  addition  of  5.6  g  (0,042 
mole)  of  AlClj,  was  heated  on  the  water  bath  for  5  hours  at  65-70*,  4^7  g  (63%)  of  the  nitrile  of  0-phenyl-y,y- 
dichlorovinylacetic  acid  (VI)  was  obtained: 

B.p.  122*  at  3  mm.  n^  1.5585,  d^*  1.2553,  MRjj  54,48;  calculated  53,86. 

3.661  mg  sub.:  7.460  mg  COj  ;  1.065  mg  HjO.  6.25  mg  sub.:  0.343  ml  N,  (16*.  734  mm).  0.1166  g  sub.: 

0.1558  gAgCl.  Found  %:  C  55.68;  H  3.26  N  6.26;  Cl  33.01.  CuHrNClj.  Calculated  %:  C  56.60;  H  3.29; 

N  6.58;  Cl  33.41. 

Phenylsucclnic  acid.  2.1  g  of  nitrile  (VI)  was  boiled  for  24  hours  with  20  ml  of  20%  KOH.  After  acidifica¬ 
tion.  a  precipitate  came  down,  and  from  it  an  acid,  m.p.  165-166*  (from  a  mixture  of  benzene  and  alcohol),  was 
extracted  by  ether.  The  sample,  when  mixed  with  phenylsuccinic  acid,  which  we  obtained  by  the  method  of  [181 
produced  no  m.p.  depression. 


SUMMARY 

1.  It  was  found  that  acrylonitrile  cyanoethylates  benzene  and  chlorobenzene  in  the  presence  of  AICI3  only  at 
140-180*,  which  is  accounted  for  by  the  passivating  effect  that  complex  formation  at  the  nitrile  group  had  on  the 
activity  of  the  double  bond  of  acrylonitrile.  Mesitylene  and  o-xylene  entered  Into  this  reaction  more  readily  than 
did  benzene. 

2.  The  CCI3*  and  CfH^'gtoups  in  a, 8- unsaturated  nitriles  increased  the  reactivity  of  the  double  bond.  The 
nitrile  of  cinnamic  acid  reacted  with  benzene  in  the  presence  of  1,6  moles  of  AICI3,  giving  the  nitrile  of  8.d-di* 
phenylpropionic  acid  in  a  yield  of  93%.  The  nitrile  of  y,y,y  -trichlorocrotonic  acid, 'under  the  influence  of  1.2 
moles  of  AICI3,  added  to  benzene,  giving  the  nitrile  of  B- phenyl -y.y-dichlorovinylacetic  acid  in  a  yield  of  63%. 

3.  By  condensation  of  B-chloropropionitrile  with  benzene  and  chlorobenzene  in  the  presence  of  AICI3,  the 
nioiles  of  B -phenylpropionic  and  B*chlorophenylpropionic  acids  were  obtained  in  a  yield  of  66-69%. 

4.  It  was  found  that  die  formation  of  a  stable  complex  with  AICI3  inhibited  the  addition  of  HCl  at  the  double 
bond  of  acrylonitrile. 
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USE  OF  PARALDEHYDE  IN  THE  GRIGNARD  REACTION 
M.  S,  Malinovsky  and  E.  D.  Eremitskaya 

It  is  well  known  that  aldehydes  ate  usually  used  foi  the  synthesis  of  secondary  alcohols,  according  to  Grignard 
but  operation  with  the  lower  aldehydes,  particularly  acetaldehyde,  is  accompanied  by  a  number  of  disadvantages 
caused  by  their  low  boiling  points.  In  this  coimection,  we  were  faced  with  the  problem  of  replacing  acetaldehyde 
in  the  Grignard  reaction  with  its  polymer  —  paraldehyde,  which  is  easily  obtained,  boils  much  higher  than  acetalde¬ 
hyde,  and,  therefore,  is  much  more  convenient  to  use.  Such  a  substitution  of  a  polymer  for  a  monomer  in  the 
Grignard  reaction  was  accomplished  long  ago,  for  example,  for  paraform,  which  was  used  in  place  of  gaseous  form¬ 
aldehyde. 

Checking  the  literature  with  respect  to  this  problem,  it  should  be  pointed  out  that  until  January  1,  1948 
only  a  single  Grignard  synthesis  involving  the  use  of  paraldehyde  had  been  described  [1].  Also  in  the  subsequent 
literature  we  found  no  Grignard  syntheses  employing  paraldehyde.  It  seems  to  us  that  the  "neglect”  of  paraldehyde 
may  be  explained  by  the  fact  that,  in  the  work  cited  above,  the  alcohol  was  obtained  in  a  much  smaller  yield  [2] 
that  when  acetaldehyde  was  employed  in  the  same  reaction  [3].  However,  it  seems  to  us  that  such  a  neglect  of 
paraldehyde  is  hardly  warranted,  since  the  yield  of  the  corresponding  alcohol  might  be  increased  by  changing  the 
conditions,  and  as  a  result  of  this  we  undertook  the  present  work;  thus,  we  devoted  our  attention  not  only  to  the 
alcohol  which  should  be  obtained,  but  also  to  the  substances  forming  with  it  during  the  reaction.  We  wanted  to 
observe  the  latter,  since  until  the  present  time,  with  few  exceptions,  no  substance,  other  than  the  alcohol  form¬ 
ing  during  the  reaction  between  acetaldehyde  and  the  Grignard  complex,  had  been  investigated.  Meanwhile,  many 
opinions  might  be  given  concerning  the  mechanism  of  the  Grignard  reaction,  which  forms  substances  simultaneously 
with  the  alcohol. 

In  our  work,  we  investigated  the  reaction  of  paraldehyde  with  magnesium-organic  compounds  obtained  from 
methyl  iodide,  ethyl  iodide,  ethyl  bromide,  propyl  bromide,  isopropyl  bromide,  butyl  and  isobutyl  bromides,  cyclo¬ 
hexyl  chloride,  bromobenzene,  benzyl  chloride  and  allyl  bromide,  and  observed  the  reaction  of  paraldehyde  with 
the  lotsich  complex. 

At  first,  syntheses  were  carried  out  under  the  usual  conditions  of  the  Grignard  syithesis,  i.e.,  in  an  ether  med¬ 
ium,  with  cooling,  followed  by  2-3  hours  of  heating  of  the  reaction  mixture  on  a  water  bath.  Since  the  yields  of 
the  corresponding  alcohols  under  these  conditions  were  small,  we  increased  the  heating  times  to  8  hours,  and  even  to 
12-14  hours;  in  this  way,  the  alcohol  yields  were  increased.  In  individual  cases,  in  order  to  retain  a  more  complete 
consumption  of  the  magnesium-organic  compound,  the  latter  was  heated  with  a  benzene  solution  of  paraldehyde, 
after  which  the  benzene,  like  the  ether,  was  removed.  In  this  case,  the  reaction  mixture  could  be  heated  to  80*. 
which  led  to  a  considerable  increase  of  the  alcohol  yields.  Because  the  procedure  and  conditions  for  carrying  out 
the  reaction  are  generally  known,  we  discuss  the  experimental  part  briefly.  For  the  same  reason,  with  few  excep¬ 
tions,  we  present  no  detailed  description  of  all  the  substances  investigated,  although  they  were  analyzed.  Let  us 
point  out  that  each  experiment  was  carried  out  3-4  times  under  the  same  conditions,  and  the  results  agreed  in  all 
cases. 

As  shown  by  the  investigation,  the  alcohol  yields  depended  to  a  great  extent  on  die  conditions  of  heating: 
prolonged  heating  in  an  ether  medium  often  increased  the  alcohol  yield  2-fold.  In  some' cases,  the  presence  of  al¬ 
cohol  was  not  detected  after  Treating  for  3  hours,  but  all  of  the  alcohols  were  obtained  after  prolonged  heating  of 
paraldehyde  with  the  Grignard  complex  in  an  ether  medium.  However,  prolonged  heating  in  ether  medium  did  not 
always  give  satisfactory  results.  In  these  cases,  heating  was  carried  out  in  a  benzene  medium,  which  enabled  us 
to  obtain  the  alcohol  even  when  it  seemed  that  paraldehyde  and  the  magnesium-organic  compound  would  not  react. 
The  results  of  the  experiments  are  recorded  in  Tables  1  and  2. 

,  The  formation  of  hydrocarbons  during  these  reactions,  as  is  known,  resulted  from  the  simultaneous  occurrence 
of  the  Wintz  reaction.  We  can  account  for  the  formation  of  ketones  by  the  oxidizing  action  of  the  excess  paraldehyde 
which  in  this  way  was  reduced  to  ethyl  alcohol  [4]. 

We  accounted  for  the  formation  of  p-ethylphenol  by  the  partial  rearrangement  of  methylj^enylcarbinol, 
which  occurs  on  heating  the  carbinol  in  a  benzene  medium: 
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TABLE  1 


Relation  of  Alcohol  Yields  to  Heating  Conditions 


Name  of  alcohol  Alcohol  yield  based  on  quantity 

of  paraldehyde  consumed 
on  heating  in 

ether  medium _ 

2-3  hrs  I  8-14  hrs 


Dimetiiylcarbinol  23  41  — 

Methylethylcarbinol  21  50  — 

Methylpropylcarbinol  17  23  — 

Methylisopropylcarbinol  16  25  — 

Methylbutylcarbinol  0  17  32 

Methylisobutylcarbinol  0  0  16 

Methylallylcarbinol  15  30  — 

Methylphenylcarbinol  0  .  31.4  — 

Methylcyclohexylcarbirol  0  21  38 

Methylbenzylcarbinol  34  39  — 

Hexine-3-diol-2.5  0  0  22.4 

TABLE  2 


Characteristics  of  the  alcohol  obtained 


boiling  pointj  ^  OH _ 

I  found”!  calc'd 


80-85* 
99-100 
118-120 
112-116 
136-140 
55(30  mmD 
110-116 
78(5  mm) 
83(13  mrr^ 
212 

122-123 
(12  mm) 


0.78 
0.810 
0.810 
0.820 
0.820  I 

0.815  i 

0.8302 

1.014 

0.925 

0.990 


Substances  Obtained  (Besides  the  Alcohols)  by  the  Reaction  of  Paraldehyde  with  RMgX 


Medium  in  which 

the  reaction  was  Substance  obtained 
carried  out 


28.17  I  28.33 


19.23  19.32 

19.58  19.32 

16.82  16.66 

determined  <%C  &  H 
the  same 
14.11  13.93 

13.00  13.28 

12.34  12.60 

29.90  29.82 


CHjMgl.  . 
CzHjMgBr 
CjHjMgl  . 
CjHrMgBr 


(CHs)2CHMgBr  .  .  .  .  |  Ether 

1 

n-C4H,MgBr .  Ether,  benzene 

(CHj)2CHCHjMgBr .  .  Benzene 


CH3COCH3 . 

CH3COC2H5 . 

The  same . 

CsHm . 

CH3COC4H, . . 

(CH3)iCHCH(CH3)2 . 

CH3C0CH(CH3)2 . 

QHu . 

CH3CH[pCH(CH3)C4H,-iso]2 


H2C=CH-CH2MgBi  Ether:  2-3 parts  H2C=CH(CH)2CH2=CH2  .  .  .. 


BrMgCsCMgBr  .... 


C^HgMgBr 


CjHjCHjMgCl. 


10  parts 

The  same . 

29.4 

Benzene 

CH3CH(OH)CsCH . 

7.0 

Ether,  benzene 

Cyclohexene  and  cyclohexyl 
chloride 

Ether 

CeHsCeHg . 

15.3 

p-HOC4H4(C2H5) . 

14.0 

Ether 

C«H5CH3 . 

48.0 

C4H5CH2CH2C«H5 . 

18.0 

Characteristics  of  the  compound  ob¬ 
tained 


Semicarbazone  m.p.  190  [101 
Semicarbazone  m.p.  136.5*  [10] 

:The  same 

'b.p.  68-70*,  ng  1.375 
ISemicarbazone  m.p.  110*  [12] 

'ng  1.373.  df  0.820  [12] 

‘ng  1.3828,  df  0.68  [12] 

'B.p.  83-86*  (5  mm),  ng  1.454,  df  0887 
iFound  C  73.76;  H  12.98 
I  Calculated  %  C  73.04;  H  13.04 

^g  1.401,  df  0.688  [12.  13] 

Correspond  to  literature  data  [15] 

B.p.,  and  ng  correspond  to 

literature  data  [12] 

r.p..  corresponds  to 
literature  data  [12,  14] 

B.p.  110*,  ng  1.495 
M.p.  52-53*  without  depression  with 
known  substance  [12] 


Q 


CH(0H)-CH3 


CH2-CH3. 


By  the  action  of  bromine  water,  and  subsequent  recrystallization  from  alcohol  p-ethylphenol  underwent  die 
following  transformations  [l‘4]; 


CH2-C.H3 


CH8r-CHiBr 


CH(OC^H5)CHzBr 


OH 
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At  first  we  accounted  for  the  small  yields  of  alcohol,  obtained  under  conditions  involving  the  brief  heating 
of  paraldehyde  with  the  Grignard  complex,  exclusively  on  the  basis  of  the  slow  depolymerization  of  paraldehyde. 
However,  such  an  assumption  was  refuted  by  the  following  observations.  In  the  reactions  of  paraldehyde  with  dif¬ 
ferent  RMgX.  after  a  certain  length  of  time  (depending  on  the  R  radical),  the  reaction  of  Michler's  ketone  [5]  for 
the  free  magnesium-organic  compound  was  negative,  which  indicated  the  absence  of  RMgX  in  the  reaction  mix¬ 
ture.  but  after  decomposition  of  the  reaction  products  with  water  we  found  paraldehyde  and  also  hydrocarbons  cor¬ 
responding  to  the  radical  of  the  magnesium- organic  compound.  Under  conditions  in  which  1  mole  of  paraldehyde 
to  3  moles  of  RMgX  was  used,  the  absence  of  free  magnesium-organic  compound  in  the  reaction  mixture  some  time 
after  the  beginning  of  the  reaction,  and  the  later  appearance  of  paraldehyde  and  hydrocarbon  on  treatment  with 
water  were  accounted  for  by  the  fact  that,  initially,  the  RMgX  adds  to  paraldehyde  with  the  formation  of  an  inter¬ 
mediate  complex,  due  to  the  oxygen  atoms  of  paraldehyde  (A). 


CH 


3RMgX 


(A) 


Then,  depending  on  the  conditions,  either  alcohol  or  hydrocarbon  +  paraldehyde  is  formed  from  this  complex.  In 
all  probability,  a  non-uniform  RMgX  adds  readily  to  paraldehyde.  Those  possessing  an  R  of  low  molecular  weight 
add  more  readily.  However,  because  of  steric  hindrance,  the  additibn  of  the  triple  molecules  QHgMgBr, 
C6H5CH2Mga,  and  in  general,  RMgX  with  an  R  of  high  molecular  weight,  is  prevented.  It  is  necessary  to  account 
for  this  by  the  fact  that,  on  decomposition  of  the  complex  of  paraldehyde  with  the  RMgX  cited  above,  aceuldehyde 
also  was  present  in  the  reaction  mixture,  but  this  was  not  observed  fcrR  =CH3— ,  C2H5— ,  CsH7“*,  etc..  In  these  cases, 
the  decomposition  of  the  complex  may  be  represented  as  follows: 


Assuming  the  presence  of  the  above-mentioned  complex,  it  is  not  difficult  to  account  for  the  formation-of 
acetal  in  one  of  the  experiments  (Table  2): 


The  formation  of  similar  acetals  was  observed  during  the  reaction  of  paraform  with  CjHfMgBr  [6],  QHgMgBr 
[71  CsHjiMgBr  [8]  and  CeHuMgBr  [9]. 


EXPERIMENTAL 

The  paraldehyde,  and  also  the  benzyl  chloride,  bromobenzene,  and  allyl,-  n-butyl  and  n-propyl  bromides  were 
"Kahlbaum”,  c.p.  grade.  The  remaining  alkyl  halides  were  synthesized  from  alcohols.  All  the  alkyl  and  aryl 
halides  were  distilled  before  use.  For  the  reaction  we  used:  3  moles  of  alkyl  (aryl)  halide  and  3  moles  of  mag¬ 
nesium  to  1  mole  of  paraldfehyde. 

The  fractions  obtained  from  the  distillation  of  the  products  from  the  reactions  with  paraldehyde  in  ether  med¬ 
ium  (on  brief,  as  well  as  on  prolonged  heatingX  did  not  vary  qualitatively;  only  their  percentage  contents  changed. 
The  unreacted  paraldehyde  was  determined  by  its  constants  and  by  its  depolymerization  to  acetaldehyde. 


f 
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SUMMARY 


1.  Paraldehyde,  like  acetaldehyde,  reacted  with  different  magnesium-organic  compounds  of  the  aliphatic 
and  aromatic  series,  with  the  formation  of  the  corresponding  secondary  alcohols. 

2.  The  alcohol  yields  depended  on  the  nature  of  the  radical  of  the  magnesium- organic  compound  and  on 
the  length  of  time  the  reactants  were  heated  in  the  ether  medium.  Other  conditions  being  equal,  as  the  number 
of  carbon  atoms  in  the  radical  increased,  the  yield  of  the  corresponding  alcohol  decreased.  Prolonged  heating 
(10-12  hours)  in  ether  medium  increased  the  alcohol  yields. 

3.  Replacement  of  the  ether  medium  by  benzene,  making  it  possible  to  heat  the  reaction  mixture  to  70-80*, 
increased  the  yield  of  the  corresponding  alcohols  considerably,  and  also  enabled  us  to  obtain  the  latter  in  instances 
when  they  would  not  have  been  obtained  under  the  usual  conditions  (ether  medium). 

4.  Ketones  and  hydrocarbons  were  obtained  as  by-products  of  the  Grignard  reaction  with  paraldehyde,  and 
the  formation  of  acetals  was  also  observed. 

5.  We  proposed  a  probable  scheme  for  the  reaction,  assuming  the  formation  of  a  complex  compound  of 
paraldehyde  with  the  magnesium-organic  compound. 
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REACTIONS  OF  METAL  HALIDE- ALCOHOLATES 


I,  REACTION  OF  MAGNESIUM:  HALIDE -DIARYLCARBINOL  ALCOHOLATES  WITH  ESTERS 
I.  I.  Lapkin  and  O.  M.  Lapkina 

A  study  of  the  reaction  of  magnesium  halide-alcoholates  with  esters,  chiefly  with  ethyl  acetate,  was  made 
by  b,  L.  Stadnikov  [1]. 

He  investigated  the  reactions  of  the  magnesium  iodide-alcoholates  of  benzhydrol,  S-methylcyclohexanol 
and  menthol  with  ethyl  acetate,  used  in  double  quantity  in  the  reaction,  and  obtained  the  acetates  of  these  alco¬ 
hols.  He  also  found  that,  in  addition  to  benzhydryl  acetate,  under  certain  conditions,  dibenzhydryl  ether  and  benz- 
hydryl  ethyl  ether  formed. 

Work  concerning  the  formation  of  esters  by  the  action  of  ethyl  acetate  on  magnesium  bromide-ethylphenyl- 
carbinolate,  and  also  on  magnesium  bromide-benzhydrolate,  was  recorded  by  A.  N.  Nesmeyanov  and  V.  A.  Sazonova 
[2],  The  action  of  esters  on  the  mixed  magnesium  alcoholates  was  also  studied  by  D.  bcinow  and  T.  Raustche  [3], 
who  found  that  when  the  alcoholate  radical  is  heavier  than  the  ester  group  radical,  the  latter  replaces  the  former. 

The  present  work  was  undertaken  for  the  purpose  of  studying  tlie  effect  of  die  structure  of  the  esterson  the 
character  of  their  reactions  with  mixed  magnesium  dlarylcarbinolates,  and  for  the  purpose  of  studying  the  effect 
of  die  structure  of  the  diarylcarbinols  on  the  nature  of  the  reactions  of  mixed  magnesium  alcoholates  with  esters. 

In  contrast  with  the  work  of  other  author^  we  carried  out  the  reaction  using  only  equlmolecular  quantities 
of  reactants,  in  order  to  get  a  clearer  picture  of  these  effects. 

As  shown  by  the  investigations,  from  the  reaction  of  the  magnesium  halide-carbinolates  of  the  unsubstituted 
and  mono-orthO" substituted  diarylcarbinols  with  ethyl  formate,  the  chief,  and  more  often  the  only  reaction  product, 
was  a  diaryime thane  halide,  RjCHX.  In  some  cases  we  isolated  the  ethers  of  the  carbinols,  R2CH— C>*~CHR^  for 
which  the  compiositlon  of  the  reaction  products  depended  on  the  structures  of  the  aryl  radicals, as  well  as  on  the  na¬ 
ture  of  the  halide.  The  reaction  of  the  magnesium  halide-carblnolates  of  the  di-ortho-substituted  diarylcarbinols 
with  the  ethyl  formate  is  of  a  different  nature.  These  reactions  led  to  the  formation  of  hydrocarbons—  diaryl- 
methanes. 

The  experimental  results  are  recorded  in  Table  1. 


TABLE  1 


No. 

Reactants  (Itl) 

1  Composition  of  reaction  products  (%) 

halide 

carbinol 

ether 

1 

- 1 

MgCl-benzhydrolate  +  ethyl  formate . 

61 

17 

22 

2 

MgBr-benzhydrolate  +  ethyl  formate . 

100 

— 

— 

3 

MgCl-dl-p-tolylcarbinolate  +  ethyl  formate  . . . 

33 

67 

-- 

4 

MgBr-dl-p-tolylcarbinolate  +  ethyl  formate  .  . . . 

60 

40 

— 

5 

MgCl-di-o-tolylcarbinolate  +  ethyl  formate . 

90 

10 

— 

6 

MgBr-di-o-tolylcarblnolate  +  ethyl  formate  . . 

100 

— 

— 

7 

MgCl-di-a-naphthylcarbinolate  +  ethyl  formate . . 

100 

— 

8 

MgBr-dl-a-naphdiylcarbinolate  +  ethyl  formate . 

100 

— 

— 

9 

MgCl- dimes! tylcarbinolate  +  ethyl  formate.  . . 

— 

— 

10 

MgBr-dimesitylcarbinolate  +  ethyl  formate .  . 

— 

The  rule  resulting  from  the  data  of  Table  1  is  explicit:  the  yield  of  diarylmethane  halide  increases  with 
an  increase  of  the  electronegativity  of  the  aryl  radical,  and  therefore,  with  an  increase  of  the  mobility  of  the 
hydroxyl  group. 


•  100%  dlmesltylmethane. 
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The  structure  of  the  ester  also  influences  the  nature  of  the  reaction  of  the  magnesium  halide -carbinolates 
with  esters.  From  the  data  of  Table  2  it  is  obvious  that  a  decrease  of  the  dissociation  constants  of  the  acids  from 
which  the  esters  were  formed  has  a  great  effect  on  the  nature  of  the  products  obtained.  If  diethyl  oxalate  is  com¬ 
pletely  converted  to  benzhydryl  bromide  by  magnesium  bromide-benzhydrolate,  then  diethyl  succinate  is  almost 
completely  converted  to  dibenzhydryl  edier  by  the  same  alcoholate. 


TABLE  2 


No. 

Reactants  fl:l) 

Composition  of  the  reaction  products  (%) 

dibenzhydryl  e  ther 

1 

MgBr-benzhydrolate  +  diethyl  succinate . 

9 

- 

91 

2 

MgBr-benzhydrolate  +  diethyl  malonate . 

21 

79 

3 

MgBr-benzhydrolate  +  diethyl  oxalate  .  . . 

100 

— 

•“ 

4 

MgBr-benzhydrolate  +  diethyl  sulfate . 

4 

— 

96 

5 

MgBr-benzhydrolate  +  dthyl  benzoate . 

— 

98 

2 

6 

MgBr-benzhydrolate  ethyl  acetate . 

1.5 

98.5 

7 

MgCl-benzhydrolate  +  ethyl  acetate . 

0.2 

99.8 

We  wish  to  point  out  that,  although  the  dissociation  constant  of  benzoic  acid  (^5  6.6  *  10'*^)  is  almost  equal 
to  the  1st  dissociation  constant  of  succinic  acid  6.4*  10**),  its  ester  shows  hardly  any  activity  toward  the  mag¬ 
nesium  halide-carbinolates. 

The  results  of  the  investigation  enabled  us  to  understand  the  reaction  between  the  aryl  magnesium  halides . 
and  the  formates,  and  also  to  understand  the  source  of  the  anomalies  occurring  in  this  reaction  [4-8]. 

EXPERIMENTAL 

The  general  conditions  for  carrying  out  reactions  between  die  magnesium  halide- alcoholates  of  the  diaryl- 
carbinols  and  esters  are  as  follows.  To  a  dlarylcarbinbl  dissolved  in  a  triple  volume  of  anhydrous  ether,  we  added 
an  ether  (3  volumes)  solution  of  the  magnesium-organic  compound,  which  had  been  freed  of  an  excess  of  magnes¬ 
ium  <n-butyl  magnesium  chloride  for  preparation  of  the  magnesium  chloride-alcoholates  and  ethyl  magnesium 
bromide  for  preparation  of  magnesium  bromide-alcoholates). 

To  the  ether  solution  of  the  magnesium  halide-alcoholate  we  added  an  equimolecular  quantity  of  the  ester 
dissolved  in  an  equal  volume  of  anhydrous  ether.  The  reaction  mixture  was  heated  for  3  hours,  and  then  decom¬ 
posed  with  10%  acetic  acid  solution  and  water.  The  ether  layer  was  washed  with  a  10%  solution  of  sodium  bi¬ 
carbonate,  and  then  with  water,  until  a  neutral  reaction  was  obtained.  When  ethyl  oxalate  was  used  for  the  reac¬ 
tion.  we  observed  die  separation  of  magnesium  oxalate  in  the  ether  layer,  and  its  precipitation  in  the  aqueous 
layer.  The  ether  solution  was  dried  over:  calcined  sodium  sulfate,  the  solvent  was  removed  and  the  product,  after 
vacuum  distillation  was  studied. 

1.  The  reaction  of  magnesium  chloride-benzhydrolate  with  ethyl  formate.  The  reactants  were:  12.3  g  of 
benzhydrol,  6.2  g  of  butyl  chloride,  2  g  of  magnesium  and  5.0  g  of  ethyl  formate.  The  reaction  conditions  are 
given  below. 

On  vacuum  distUlation  (5  mm)  of  the  reaction  products,  the  following  fractions  were  obtained:  1st,  123-150*, 
10.0  g;  2nd,  180-200*,  2.7  g;  residue  in  flask  —  1.0  g. 

Treatment  of  a  weighed  portion  of  the  1st  fraction  with  a  saturated  alcoholic  solution  of  silver  nitrate,  and 
heating  [9],  gave  a  chlorine  content  of  13.70%  (17.49%  calculated  for  benzhydryl  chloride). 

Thus,  the  1st  fraction  contained  78.3%  of  benzhydryl  chloride,  and  21.7%  of  benzhydrol  (or  on  conversion 
to  total  products  obtained,  and  by  rounding  off  the  figures  to  whole  numbers,  61  and  17%). 

By  repeated  distillation,  the  1st  fraction  was  separated  into  two  equal  portions.  From  the  first  half,  frac¬ 
tional  recrysullization  from  petroleum  ether  yielded  benzhydryl  chloride  with  a  m.p.  of  11*. 

Found  %:  Cl  17.10.  CuHuCl.  Calculated  %:  Cl  17.49. 

According  to  data  in  the  literature  [10].  benzhydryl  chloride  has  a  m.p.  of  14*. 

Fractional  recrystalli2:ation  from  the  same  solvent  yielded  benzhydrol.  with  a  m.p.  of  68*,  from  the  second 
half  of  the  fraction. 
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A  m.p.  of  67.5-68*  is  cited  in  the  liteiatuie  [11]  for  this  substance.  A  test  sample  of  the  substance,  when 
mixed  with  synthetic  benzhydiol,  produced  no  m.p.  depression. 

The  2nd  fraction  was  recrystallized  twice  from  petroleum  ether.  Dibenzhydryl  ether  with  a  m.p.  of  106-107* 
was  isolated. 

In  the  literature  [12],  a  m.p.  of  109-110*  is  given  forthis  compound. 

Found  C  88.90;  H  6.29.  Ca,HaO.  Calculated  o/o:  C  89.11;  H  6.33. 

The  yield  of  dibenzhydryl  ether  was  3,7  g  (22<7o),  since  after  the  removal  of  the  reaction  products,  the  residue 
(1.0  g)  in  the  flask  also  consisted  of  this  ether. 

2.  The  reaction  of  magnesium  bromide-benzhydrolate  with  ethyl  formate.  For  the  reaction  we  used;  12.3  g 
of  benzhydrol,  7.3  g  of  ethyl  bromide,  2  g  of  magnesium  and  5.0  g  of  ethyl  formate.  Vacuum  distillation  of  the 
reaction  product  yielded  15  g  of  benzhydryl  bromide  with  a  b.p.  of  151-133*  (6  mm);  m.p.  37-38*  (from  petroleum 
ether). 

Found,  (Stepanov)  bromine  31.96*%.  CisHuBr.  Calculated  <%:  Br  32.39. 

A  m.p,  of  45*  was  given  in  the  literature  [13]  for  the  bromide. 

Thus,  under  the  conditions  employed,  all  the  benzhydrol  was  converted  to  benzhydryl  bromide. 

3.  The  reaction  of  magnesium  chloride-di-p-tolylcarbinolate  with  ethyl  formate.  We  used:  14  g  of  di-p- 
tolylcarbinol,  6.2  g  of  butyl  chloride,  2  g  of  magnesium  and  5.0  g  of  ethyl  formate.  The  reaction  product  dis¬ 
tilled  in  vacuo  at  6  mm  in  the  range  of  140-160*  (13  g).  The  di-p-tolylchlorome thane  content  was  determined 
by  a  saturated  solution  of  silver  nitrate,  as  denoted  in  experiment  1. 

Found  <%;  Cl  5.15.  CigH^Cl,  Calculated  *%:  Cl  15.37. 

Thus,  the  di-p-tolylchlorome  thane  content  in  the  reaction  product  was  33*%^  and  the  carblnol  content  was 
67<%.  No  benzhydrylformic  ether  was  found  in  the  reaction  products. 

4.  The  reaction  of  magnesium  bromide-dl-p-tolylcarblnolate  with  ediyl  formate.  For  the  reaction  we 
used  14  g  of  dl-p-tolylcarbinol,  7.3  g  of  ethyl  bromide,  2  g  of  magnesium  and  5.0  g  of  ethyl  formate.  All  of  the 
reaction  product  distilled  in  vacuo  at  5  mm  in  the  range  142-165*  (13,5  g).  The  bromine  content  was  determined 
by  means  of  silver  nitrate. 

Found  <%:  Br  17.42,  CigHuBr.  Calculated  <%e  Br  29.04. 

Consequently,  the  bromide  content  in  the  reaction  products  was  60*%,  The  formate  of  dils  carblnol  was  not 
observed  in  the  reaction  products. 

5.  The  reaction  of  magnesium  chloride-di-o-tolylcarbinolate  with  ethyl  formate.  For  the  reaction,  we 
used  the  same  weights  of  reactants  as  were  used  in  experiment  3,  except  that  we  used  di-o-tolylcarbinol  instead  of 
di-p-tolylcarblnol.  13.6  g  of  a  substance  with  a  b.p.  of  138-150*  (4  mm)  was  obtained. 

The  chlorine  content  in  die  mixture  of  products  obtained  was  13.73*%.  Calculated  for  di-o-tolylchloromethane 
it  was  15.37*%. 

The  dl-O'  tolylchloromethane  content  in  the  reaction  products  was  90*%,  the  unreacted  carblnol  content 
was  10*%. 

The  di-o-tolylchloromethane,  separated  after  2  recrystallizations  from  petroleum  ether,  had  a  m.p.  of  70-71*. 

Found  <%:  Cl  15,12.  CjsHigCl.  Calculated  <%:  Cl  15.37. 

According  to  the  literature  [14],  this  substance  has  a  m.p.  of  70*. 

6.  The  reaction  of  magnesium  bromide-di-o*tolylcarbinolate  with  ethyl  formate.  The  reaction  was  canied 
out  using  the  same  weights  of  reactants  as  were  used  in  experiment  4.  Di-o- 1  olylcarblnol  was  used  instead  of  di-p- 
tolylcarbinol. 

The  reaction  product  distilled  at  142-144*  (4  mm). 

Found  *%;  Br  28.70.  Calculated  <%c  Br  29.04. 

The  bromine  content  of  this  product  was  Indicated  by  the  fact  that  all  of  the  di-o«tolylcarbinol  was  con¬ 
verted  to  dl-o-tolylbromome  thane.  The  dl-o-tolylbromethane  obulned  after  one  re  crystallization  from  petroleum 
edier  melted  at  66-67*.  This  bromide  was  not  described  in  the  literamre. 
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I.  The  Teactloii  of  magnesium  chloride-di-g-naphthylcarbinolate  with  ethyl  formate.  For  the  reaction 
we  used  9.5  g  of  di-a-naphthylcarbinol,  3.1  g  of  butyl  chloride,  1  g  of  magnesium  and  2.5  g  of  ethyl  formate. 

After  removal  of  the  ether,  the  reaction  product  did  not  distil  because  of  its  high  boiling  point.  The  chlorine  con¬ 
tent  of  the  non-purified  di-a-naphthylchloromethane  was  10. 9<^!).  The  chloride  had  a  m.p,  of  180-181*  after  two 
recrystallizations  from  toluene. 

Found  Cl  11.48,  CaHuCl.  Calculated  Cl  11.71. 

In  the  literature  [15],  a  m.p.  of  188-189*  is  given  for  di-a-naphthylchloromethane. 

8.  The  reaction  of  magnesium  bromide-di-g-naphthylcarbinolate  with  ethyl  formate.  The  reactants  were: 
9.5  g  of  di-a-naphthylcarbinol,  3.7  g  of  ethyl  bromide,  1  g  of  magnesium  and  2,5  g  of  ethyl  formate. 

On  decomposition  of  die  reaction  mixture  with  water  and  acetic  acid,  the  precipitate  of  di-a-naphthylbromo- 
mediane,  which  was  difficultly  soluble  ih.  hydrous  ether,  was  separated,  and  after  drying,  it  melted  at  173-175* 

(the  Br  content  was  22.1%).  The  di-a-naphthylbromomethane  had  a  m.p.  of  181-182“  after  purification  by  re- 
crystallization  from  toluene. 

Found  %:  Br  22.70.  CjiH^gBr.  Calculated  %c  Br  23.01. 

9.  The  reaction  of  magnesium  chloride -dimesitylcarbinolate  with  ethyl  formate.  For  the  reaction  we  used 
9.0  g  of  dimesitylcarbinol,  3.1  g  of  butyl  chloride,  1  g  of  magnesium  and  2.5  g  of  ethyl  formate. 

Vacuum  distillation  of  the  substance  obtained,  followed  by  2  recrystallizations  from  petroleum  ether,  gave 
dimesitylmethane  with  a  m.p.  of  130*.  A  test  sample,  mixed  with  dimesitylmethane  obtained  by  the  reaction  of 
mesityl  magnesium  bromide  with  ethyl  formate,  produced  no  reduction  of  the  melting  point. 

Found  %:  C  90.25;  H  9.15.  C^Hj*.  Calculated  %;  C  90.41;  H  9.59. 

In  the  literature  [16],  a  m.p.  of  134-135*  is  indicated  for  this  hydrocarbon. 

10.  The  reaction  of  magnesium  bromide-dimesitylcarblnolate  with  ethyl  formate.  The  results  of  the  reac¬ 
tion  of  the  magnesium  bromide-alcoholate  of  dimesitylcarbinol  with  ethyl  formate  were  similar  to  those  of  the 
preceding  reaction.  Dimesitylmethane,  with  a  m.p.  of  130*  was  the  only  reaction  product. 

II.  The  reaction  of  magnesium  bromide- benzhydrolate  with  diethyl  succinate.  The  reactants  were:  9.2  g 
of  benzhydrol,  5.5  g  of  ethyl  bromide,  2  g  of  magnesium  and  8.7  g  of  ethyl  succinate.  By  vacuum  distillation  of 
the  reaction  product  at  6  mm  the  following  fractions  were  obtained:  1st,  85-130*,  1.9  g;  2nd,  130-250*,  6.2  g; 
residue,  2  g, 

The  1st  fracaon  consisted  of  diethyl  succinate.  An  analysis  of  the  2nd  fraction  showed  a  bromine  content 
of  3.77%,  which  corresponded  to  11.7%  benzhydryl  bromide  content.  On  conversion  to  the  total  product,  in¬ 
cluding  the  residue  (2  g),  the  yield  of  benzhydryl  bromide  was  9%,  The  fact  that  the  hydroxyl  group  was  not  ob¬ 
served  in  the  substance  indicated  die  absence  of  benzhydrol. 

The  2nd  fraction,  on  redistHlation,  distilled  completely  at  225-230*  (6  mm).  On  recrystallization  from 
petroleum  ether,  dibenzhydryl  ether  with  a  m.p.  of  107'*  was  obtained. 

In  the  literature  [171  a  m.p.  of  109*  was  indicated  for  this  substance. 

Found C  88.87;  H  6.28.  CkHbO.  Calculated  %:  C  89.11;  H  6.33. 

The  content  of  dibenzhydryl  ether  in  the  reaction  product  was  91%. 

12.  The  reaction  of  magnesium  bromide-benzhydrolate  with  diethyl  malonate.  The  reactants  were  used 

in  quantities  of  1/20  mole.  On  vacuum  distillation  of  the  reaction  product  at  3.5  mm,  the  following  fractions  were 
obtained:  1st,  80-90*,  3.0  g;  2nd,  130-240*,  7.5  g;  residue  1  g. 

The  1st  fraction  consisted  of  ethyl  malonate. 

The  2nd  fraction,  containing  7.7%  bromine  was  distilled  a  second  time.  The  main  volume  of  the  product 
distilled  at  210-225*  (4.5  mm),  and  after  recrystallization  from  petroleum  ether,  dibenzhydryl  ether  with  a  m.p. 
of  107*  was  recovered.  Since  benzhydrol  was  not  observed  in  the  reaction  products,  the  benzhydryl  bromide  and 
dibenzhydryl  ether  contents  in  the  reaction  mixture  were  21  and  79%  respectively. 

13.  The  reaction  of  magnesium  bromide-benzhydrolate  with  diethyl  oxalate.  The  same  quantities  (1/20 
mole)  of  reacunts  were  used.  On  vacuum  distillation  of  the  reaction  product  at  4.5  mm,  the  following  fractions 
were  obuined;  1st,  60-120*,  3.5  g;  2nd.  147-155*.  8.0  g;  residue,  0.5  g. 
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Determination  of  bromine  in  the  product  from  the  2nd  fraction  (30.7<^  showed  that  it  consisted  entirely  of 
benzhydryl  bromide.  The  benzhydryl  bromide,  recrystallized  from' petroleum  ether,  melted  at  38*. 

Found  Br  32,10.  Calculated  Br  32.39.  In  the  literature  [131  a  ni.p.  of  45*  is  given  for 

benzhydryl  bromide. 

No  benzhydrol  was  observed  in  the  reaction  products. 

14,  The  reaction  of  magnesium  bromide-benzhydrolate  with  diethyl  sulfate.  The  reactants  were  used  in 
the  same  quantities  as  in  the  preceding  experiments  (1/20  mole).  Vacuum  distillation  gave  the  following  frac¬ 
tions:  1st,  70-75*  (4  mm).  2.0  g;  2nd,  200-220*  (4  mm),  7.5  g;  residue.  1  g. 

From  the  bromine  content  in  the  product  from  the  2nd  fraction  (1.36<^  bromine),  the  benzhydryl  bromide 
content  was  found  to  equal  3.7%.  Since  no  benzhydrol  was  observed  in  the  reaction  product,  the  yield  of  dibenz- 
hydryl  ether  was  96.3%.  After  a  single  recrystallization  from  petroleum  ether,  the  dibenzhydryl  ether  had  a  m.p. 
of  106*. 

15,  The  reaction  of  magnesium  bromide-benzhydrolate  with  ethyl  benzoate.  The  same  quantities  (1/20 
mole)  of  reactants  were  used. 

The  synthesized  substance  was  vacuum  distilled.  The  fractions  obtained  were:  1st, 90-105*,  5  g;  2nd.  130- 
150*.  8,0  g;  residue,  0.5  g. 

The  1st  fraction  consisted  of  eth)ll  benzoate,. 

No  halide  was  found  in  the  products  from  the  2nd  fraction.  The  substance  from  the  2nd  fraction  melted  at 
68*  after  recrystallization  from  petroleum  ether.  A  mixture  of  the  test  sample  and  original  benzhydrol  showed  no 
m.p.  depression.  Therefore,  this  fraction  consisted  of  benzhydrol. 

The  residue  (0,5  g)  in  the  flask  was  recrystallized  from  the  same  solvent.  0.2  g  (2%)  of  dibenzhydryl  ether 
was  separated;  the  m.p,  was  106*. 

16,  The  reaction  of  magnesium  bromide-  and  magnesium  chloride-benzhydrolates  with  ethyl  acetate. 
Application  of  the  same  method  of  investigation  showed  that  ethyl  acetate,  only  to  a  small  degree,  converted  mag¬ 
nesium  halide-benzhydrolate  to  benzhydryl  halide.  We  found  0.2%  benzhydryl  chloride  in  the  1st  reaction,  and  1.5% 
benzhydryl  bromide  in  the  2nd  reaction.  No  benzhydryl  acetate  was  found. 

SUMMARY 

1.  A  new  method,  based  on  the  reaction  of  magnesium  halide- diarylcarbinolates  with  ethyl  fornute  and 
ethyl  oxalate,  was  proposed  for  the  synthesis  of  diarylhalometbanes. 

2.  A  new  method,  based  on  the  reaction  of  the  di-ortho-substituted  magnesium  halide- diarylcarbinolates 
with  ethyl  formate,  was  proposed  for  the  reduction  of  the  dl-ortho- substituted  diarylcarbinols  to  the  diarylmethanes. 

3.  It  was  found  that  a  depression  of  the  dissociation  constant  of  the  acid  from  which  the  ester  was  formed 
had  a  substantial  effect  on  its  reaction  with  the  magnesium  halide-diarylcarbinolates. 
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SYNTHESIS  AND  HYDROGENATION 
OF  2.  4.7. 9-TETRAMETHYLDECINE-5  -  TETRAOL-2,4.  7. 9 

A.  I.  Nogaideli  and  K.  Ya.  Dzagnldze 


Since  only  a  few  acetylenic  monoatomic  alcohols  [1]  are  known,  the  purpose  of  our  work  was  to  synthesize 
an  acetylenic  monoatomic  alcohol,  and  to  study  the  nature  of  its  hydrogenation  in  the  presence  of  catalysts. 

It  is  known  from  the  Uteratiue  [2]  that  an  attempt  to  condense  vinylacetylene  with  diacetone  alcohol,  in 
the  presence  of  alkali,  under  the  reaction  conditions  specified  by  A.  E.  Favorsky,  leads  to  the  cleavage  of  diacet¬ 
one  alcohol,  forming  acetone;  the  latter  condenses  with  vinylacetylene,  forming  dimethylvinylacetylenecarbinol. 

Our  experiments  showed  that,  under  similar  conditions,  diacetone  alcohol  reacts  widi  acetylene  giving  tetra- 
methylbutinediol  and  dlmetfaylacetylenecarblnol;  therefore,  we  obtained  a  monoatomic  alcohol  by  the  magnesium- 
organic  synthesis. 

It  was  shown  that  diacetone  alcohol  and  dimagnesium-dibromoacetylene  form  acetylenic  erythritol  as  the 
two  stereoisomers  with  a  m.p.  of  129-130*  (1)  and  a  b.p.  of  99-104*  at  7  mm  (II). 

CHj-  COH-  CHj-  COH-  CsC-  COH  “GHj-  COH-  CHj 
CH,  in,  CHj  CHj 

(I  and  II) 


Hydrogenation  of  the  crystalline  isomer  (I)  in  die  presence  of  colloidal  palladium  showed  the  similarity  of 
this  erythritol  to  acetylene  y^glycol;  after  the  addition  of  2  atoms  of  hydrogen,  only  ethylenic  erythritol  with  a 
m.p.  of  91-92*  (III)  formed; 

CHj-  COH-  CH,-  COH-  CH=CH-  COH-  CHj-  COH-  CHj 

i  i  I  T 

CHj  CHj  CHj  CHj 

(HI) 


Saturated  erythritol.  with  a  m.p.  of  95-97*  (IV),  was  formed  by  addition  of  4  atoms  of  hydrogen: 


CH.-COH-CH,-COH-CH,-CH.-COH-CH,-COH-CH. 


CH, 


CH, 


CHj 


CHj 


(IV) 


It  is  known  that  the  rate  of  hydrogenation  of  isomeric  compounds  is  not  uniform  [3].  We  showed  that  the  iso¬ 
meric  erythritols  which  we  obtained  behaved  similarly:  the  liquid  isomer  (II)' hydrogenated  more  rapidly  than  did 
the  crystalline  isomer.  We  obtained  the  liquid,  saturated  erythritol,  with  a  b.p.  of  96-97*  at  8  mm,  by  hydrogena¬ 
tion  of  the  liquid  isomer. 


EXPERIMENTAL 

Synthesis  of  Acetylenic  Erythritol 

To  dimagnesium-dibromoacetylene,  obtained  from  24  g  of  magnesium  and  110  g  of  ethyl  bromide,  we  added 
dropwise  58  g  of  diacetone  alcohol  diluted  to  twice  its  volume  with  anl^drous  ether,  stirring  and  heating  the  mix¬ 
ture  on  a  water  bath  at  40-50*.  Stirring  was  continued  for  2  hours  after  addition  of  the  keto  alcohol.  Then  the 
reaction  mixture  was  allowed  to  stand  24 hours,  then  decomposed  by  15<7oammonium  sulfate  and  5<%sulfuric  acid.  The  ether 
layer  and  the  ether  extract  were  combined  and  dried  with  sodium  sulfate.  After  the  ether  was  removed,  die  oil 
partially  crystallized.  We  obtained  17  g  of  crystals  (from  benzene)  with  a  m.p.  of  129-130*  and  33  g  of  an  oil. 

The  oil  was  vacuum  distilled  at  7  mm:  1st  fraction,  99-104*,  12  g;  2nd  fraction,  163-170*,  10  g.  The  2nd  frac¬ 
tion  crystallized  (from  benzene)  and  had  a  m.p.  of  129-130*. 
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0.0966  g  sub.i  0.2310  g  COj;  0.0892  g  HjO.  0.0188  g  sub.;  0.0936  g  camphor:  At  31",  0.0108  g  sub.: 

3.8  ml  CHi  (17*.  735  mm).  Found  %  C  65.30;  H  10.30.  M  259.3.  Ci4H22(OH)4.  Calculated  %  C  65.14; 

H  10.07.  M  258.  4.2  ml  CH*. 

Analysis  of  Liquid  Substance  with  a  B.p.  of  99~104*  (7  mm) 
dfj  0.9437,  nf^  1,4630. 

0.1326  g  sub.;  0.3284  g  CO2:  0.1326  g  HjO.  0.0776  g  sub.;  18.01  g  benzene;  At  0.85".  0.0726  g  sub.; 

24.0  ml  CH4  (17".  738  mm).  Found  C  64.38;  H  10.57.  M  257.  24.0  ml  CH4.  Ci4Hj2(OH)4.  Calcula¬ 
ted  «k  C  65.14;  H  10.07.  M  258.  25.4  ml  CH4. 

Hydrogenation  of  Acetylenic  Erythritol  (m.p.  129-130")  to  Ethylenic  Erythritol 

Colloidal  palladium  was  prepared  by  the  usual  method  [4]:  1  ml  of  solution  contained  1  mg  of  palladium. 
The  activity  of  the  catalyst  was  checked  by  tetramethylbutinediol,  0.01  mole  of  which,  with  3  mg  of  palladium, 
added  a  molecule  of  hydrogen  during  a  period  of  18  minutes. 

The  hydrogenation  was  carried  out  under  the  same  conditions  (18",  728  mm). 

Experiment  1.  We  used  2.580  g  of  erythritol  (0.01  mole),  50  ml  of  C2H5OH,  3  mg  of  palladium,  and  272 
ml  of  Hj. 

Every  3  minute^  the  following  quantities  of  hydrogen  (in  ml)  were  added:  48,  39,  36,  30,  30,  25,  24,  22.3, 
18.  A  total  of  272.3  ml  was  added  in  27  minutes. 

After  treatment  of  the  hydrogenation  product,  we  obtained  crystals  (from  toluene),  with  a  m.p.  of  91-92", 
which  decolorized  bromine  water  and  permanganate  solution. 

.  0.1176  g  sub.;  0.2786  g  CO*;  0.1176  g  HjO.  0.0204  g  sub.;  0.2234  g  camphor;  At  14".  0.0398  g  sub.; 

.  14.8  ml  CH4  (19",  737  mm).  Found  ‘fe  C  64.61;  H  11.14.  M  263.  Ci4H24(OH)4.  Calculated  C  64,61; 

H  10.76.  M  260.  15.1  ml  CHi^ 

Hydrogenation  of  Acetylenic  Erythritol  (m.p.  129-130")  to  Saturated  Erythritol 

Experiment  2.  The  experiment  was  repeated  under  the  same  conditions,  using  5  mg  of  palladium,  and 
every  12  minutes  the  following  quantities  (in  ml)  of  hydrogen  were  added:  156,  113,  79,  56,  48,  30,  25,  19,  13, 

2,  1.1.  A  total  of  543  ml  of  hydrogen  was  added  in  117  minutes. 

The  crystals  obtained  after  treatment  of  the  hydrogenation  product  melted  at  95-97"  (from  toluene). 

0.0992  g  sub.:  0.2314  g  CP2;  0.0994  g  HjO.  0.0162  g  sub.;  0.1016  g  camphor;  At  25.5".  0.0204  g  sub.; 
7.4  ml  Cli4  (19". 7 37  mm).  Found  C  63.59;  H  11.12.  CuH»(OH)4.  M  259.  Calculated ‘Hfc:  C  64.12; 

H  11.45;  M  262.  7.2  ml  CH4. 

Hydrogenation  of  the  Liquid  Having  a  B.p.  of  99-104"  (7  mm) 

The  experiment  was  canied  out  under  the  same  conditions  as  experiment  1. 

Every  12  minutes  the  following  quantities  (in  ml)  of  hydrogen  were  added:  300,  168,  104,  34,  9,  3.  After 
70  minutes,  a  total  of  618  ml  had  been  added. 

The  hydrogenation  product  did  not  decolorize  bromine  water. 

B.p.  96-97*  (8  mm).  dJJ  0.9225.  ng  1.4486. 

0.1484  g  sub.:  0.3492  g  CO2;  0.160  g  HjO.  0.0412  g  sub.;  18.3  g  benzene.-  At  0.044",  0.0314  g  sub.: 

11  ml  CH4  (18",  743  mm).  Found  %  C  63.49;  H  11.92.  M  259.4.  Ci4H28(OH)4.  Calculated  %  C  64.14; 

H  11.42,  M  262.  11.6  ml  CH4. 

SUMMARY 

For  the  first  time,  the  two  isomers  of  acetylenic  erythritol”  2,4,7,9-tetramethyldecine-5-tetraol-2,4,7,9” 
were  syndiesized  and'described. 

The  hydrogenation  of  the  isomers  in  the  presence  of  colloidal  palladium  was  studied,  and  it  was  shown  that 
the  isomeric  erythritols  hydrogenated  at  a  gradually  decreasing  rate,  the  liquid  isomer  hydrogen&ting  more  rapidly 
than  the  crystalline  Isomer. 
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1 

Ethylenic  and  saturated  erythritol,  2,4,7,9-tetramethyldeclne-5*tetraol-2,4,7,9  and  2,4,7,9-teuamcthylf 
decanetetraol-2, 4,7,9  were  isolated  and  described. 
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THE  DIMERIZATION  OF  ISOPRENE 


I.  N.  Nazarov,  A.  I.  Kuznetsova  and  N.  V.  Kuznetsov 


In  spite  of  the  fact  that  the  thermal  dimerization  of  isoprene  was  studied  more  than  75  years  ago,  many  di¬ 
vergent  opinions  still  exist  concerning  the  structures  of  the  dimerization  products. 

In  the  dimerization  of  isoprene,  which  proceeds  according  to  the  general  type  of  diene  condensation,  the  for¬ 
mation  of  four-six-membered  and  two  eight-membered  cyclic  dimers  (I-VI)  is  possible: 


The  first  investigators.  Bouchardat  [1],  Tilden  [2]  and  Wallach  [3],  who  studied  this  reaction  at  280-300*, 
considered  dipen tene  (III),  which  has  a  n-menthane  skeleton,  to  be  the  sole  product  of  the  thermal  dimerization  of 
isoprene.  In  1911  Harries [4],  studying  the  thermal  dimerization  of  isoprene  at  150  and  300*,  observed  diat  the  iso¬ 
prene  dimer  Was  a  heterogeneous  jxoduct,  and  assumed  that  it  consisted  chiefly  of  the  linear  dimer  with  a  small 
admixture  of  dipentene.  In  1913  Lebedev  [5],  after  careful  distillation  of  the  isoprene  dimerization  products  ob¬ 
tained  under  the  same  conditions  (at  150*),  isolated  two  fractions  and  accepted  them  as  the  individual  substances, 
dipentene  (HI)  and  1, 3-dimethyl- 1- vinyl- A*-cyclohexene  (H),  which  later  received  the  name,  Lebedev’ s  hydro¬ 
carbon.  In  1924-28,  Aschan  [6]  investigated  the  products  obtained  on  storage  of  isoprene  in  an  atmosphere  of  car¬ 
bon  dioxide  for  10  years,  and  came  to  the  opposite  conclusion  that,  under  these  conditions,  dipentene  (III)  was  not 
the  only  poduct  formed,  but  that  the  chief  reaction  product  was  a  hydrocarbon,  with  a  m-menthane  skeleton,  which 
he  called  dlprene  (IV).  Ostromyslensky  and  Koshelev  [7],  as  a  result  of  the  dimerization  of  isojvene  at  80*,  iso¬ 
lated  a  product  which  they,  like  Harries;  accepted  as  the  linear  dimer  of  isoprene. 


Later.  Wagner- Jauregg  [8],  repeating  the  experiment  of  Ostromyslensky  and  Harries,  concluded  that,  on 
dimerization  of  isoprene  both  at  86-100*  and  at  300*,  only  diprene  (IV)  is  formed,  although  by  dehydrogenation  of 
the  "diprene”  he  obtained  a  mixture  of  m-  and  p-cymene,  with  the  latter  predominating.  He  did  not  attribute 
the  formation  of  p-cymene  to  the  presence  of  the  p-isomer  (dipentene)  in  the  mixture,  but  to  the  migration  of  the 
substituent  from  the  meta-  to  the  para-position  under  the  influence  of  the  catalyst  (” nickel- clarite"),  during  the 
dehydrogenation  process.  Recently,  Salomon,  Boonstre,  Meer  and  Ultee  [9]  polymerized  isoprene  in  the  presence 
of  picric  acid  at  150*,  and  concluded  that,  under  these  conditions,  a  mixture  of  products,  containing  80<%  diprene 
(IV),  10%  Lebedev  hydrocarbon  (H)  and  5%  dipentene  (HI),  formed. 


In  a  study  of  the  structural  dlrectabllity  of  the  diene  synthesis  it  was  shown  [10]  that  the  condensation  of 
asymmetrically  substituted  dienes  wifli  different  asymmetrical  dienophiles  almost  always  yields  a  mixture  of 
addition  products  which,  for  the  2-substituted  dienes  of  the  isoprene  type,  contain  80-90%  of  the  para-isomer  and 
only  10-20%  of  the  meta-isomer. 

If  the  cyclic  dimerization  of  isoprene  is  considered  as  a  diene  condensation,  we  ^ould  also  expect  the  for¬ 
mation  chiefly  of  dimers  having  para-position  substituents,  i.e.,  dipentene  (III)  and  1,4-dimethyl-l-vinyl-A*-  ! 
cyclohexene  (I). 

According  to  literature  data,  the  dimerization  of  chloroprene  [111  2-phenyl-buudiene  [12]  and  2-cyanobuta- 
diene  [13]  proceeds  in  just  this  way: 


Xaa,C«H5CM. 
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Nevertheless,  most  authors  state  that  the  chief  product  of  the  dimerization  of  isoprene  is  diprene  (IV)  or  1,3- 
dimethyl-l-vinyl-A*-cyclohexene  (II),  i.e.,  the  dimer  having  a  meta-position  substituent. 

All  of  the  foregoing  indicates  clearly  how  controversial  and  confused  is  the  problem  of  the  dimerization  of 
isoprene  and  the  structure  of  the  dimers.  As  indicated  above,  the  dimerization  of  isoprene  has  been  studied  by  dif¬ 
ferent  audiors  at  very  different  temperatures.  The  reaction  products  were  not  always  carefully  distilled,  and  their 
structures  were  not  reliably  demonstrated. 

It  was  of  interest  to  settle  these  problems,  and  to  estoblish  the  structures  of  the  dimerization  products  of 
isoprene.  For  this  purpose,  we  studied  the  dimerization  of  isoprene  at  the  temperatures  100,  150,  250  and  290*. 

Carefully  planned  experiments,  combining  the  use  of  precise  distillation  from  an  effective  column,  hydro¬ 
genation  and  dehydrogenation,  and  also  new  methods  of  oxidation  and  ozonization,  enabled  us  to  estabLsh  a 
realistic  picture  of  the  cyclic  dimerization  of  iso[»:ene.  and  to  bring  clarity  to  this  controversial  and  confused 
problem. 

Three  fractions  were  always  separated  as  a  result 
of  the  thermal  dimerization  of  isoprene;  two  of  them 
corresponded  accurately  to  the  fractions  which  Lebedev 
[5]  obtained  and  accepted  as  separate'substances,  but 
the  quantitative  relations  between  the  separate  fractions 
obtained  at  100,  150,  250  and  290*  were  different. 

Thus,  as  die  dimerization  temperature  of  iso¬ 
prene  was  increased  from  100  to  29^*,  the  quantity  of 
the  low-boiling  fraction,  which  contained  a  mixture  of 
dimers  (I)  and  (H),  increased  from  19.2  to  A2.&%  but 
the  quantity  of  the  middle  fraction  which  contained  a 
mixture  of  dimers  (III)  and  (IV),  decreased  from  80.8 
to  57.4'%  (Table  1). 

The  low-boiling  fraction  (b.p,  160-161*  at  760  mm),  corresponding  to  the  Lebedev  hydrocarbon,  is  a  mix¬ 
ture  of  the  two  heminal  dimers  (I)  and  (II),  formed  by  the  diene  condensation  of  isoprene,  and  involving  participa¬ 
tion  of  the  isopropenyl  group. 

As  a  result  of  the  ozonization  of  this  fraction,  a  mixture  of  the  two  dicarboxylic  keto  acids  (XIV)  and  (XV) 
was  separated  as  an  oil,,  which  on  further  oxidation  witii  peracetic  acid  gave  2-methyl-2-carboxyadlpic  acid  (VII), 
obtained  by  the  same  methods  of  ozonization  and  oxidation  as  was  the  addition  product  from  isoprene  and  methyl 
methacrylate.  This  demonstrated  the  presence  of  the  methyl  and  vinyl  groups  on  one  carbon  atom  in  dimers  (I) 
and  (II),  since  both  isomers  (I)  and  (U),  after  ozonization  and  oxidation,  should  yield  only  the  acid  (VII); 


TABLE  1 


Effect  of  Temperature  on  the  Ratio  of  Isoprene  Dimers 


Tempera¬ 

ture 

Quantity  of  isoprene 

dimers  (in  <%)  • 

dimers  (I)  and  (II), 
b.p.  160-161* 

dimers  (HI)  and  (IV) 
b.p.  174-175* 

100* 

19,2 

80.8 

150 

22,5 

77.5 

250 

31.3 

68.7 

290 

42.6 

57.4 

COOH  COOH 
■  I  I 

CH^— C-CHz-CHa 


•COOH 


CHs 


(m) 


•  The  quantity  of  the  eight-membeted  isoprene  dimers  (V)  and  (VI)  increased  approximately  from  1.5  to  5%  with 
the  increase  of  temperature. 
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In  order  to  demonstrate  the  position  of  the  substituents  in  the  nucleus,  dimers  (I)  and  (II),  obtained  as  a  result 
of  the  dimerization  of  isoprene  at  100,  150,  250  and  290*,  were  selectively  hydrogenated  in  the  presence  of  platinum 
on  carbon;  in  this  way,  we  obtained  a  mixture  of  unsaturated  hydrocarbons  (VUI)  and  (DC),  which  contain  a  double 
bond  in  the  ring,  as  shown  by  Pummerer  and  Graser  [14].  Later,  the  unsaturated  hydrocarbons  (VUI)  and  (IX)  were 
dehydrogenated  at  340*-350*,  using  platinum  on  carbon. 

The  dehydrogenation  products  were  oxidized  with  nitric  acid  under  pressure,  and  the  terephthalic  and  iso- 
phthalic  acids  which  separated  were  isolated  via  their  barium  salts  and  their  dimethyl  esters.  The  ratio  of  terephthal¬ 
ic  acids  obtained  in  the  different  experiments  fluctuated  within  the  limits  5”10;1. 


Oij  CHs  CH3  COOH 


CH5  CHa  CHs  COOH 


Besides  the  terephthalic  and  isophthalic  acids  in  the  process  described  above,  considerable  quantities  of  tri- 
mellitic  acid  formed  as  a  result  of  the  migration  of  the  heminal  groups  in  compounds  (VIII)  and  (IX)  to  the  ortho- 
position  during  dehydrogenation,  followed  by  oxidation  of  the  hydrocarbons  which  formed. 


Kazansky  and  Liberman  [15]  observed  a  similar  migration  for  l,l-d£methylcyclohexane. 

The  dehydrogenation  of  hydrocarbons  (VIII)  and  (DC)  proceeds  more  smoothly  than  :thal  of  the  isoprene  di¬ 
mers  (I)  and  (U),  and  also  more  smoothly  than  that  of  the  completely  hydrogenated  products  (X)  and  (XI). 

Thus,  it  was  shown  that  the  first,  low-boiling  fraction  of  the  isoprene  dimers  which,  judging  from  its  con¬ 
stants,  corresponds  to  "Lebedev's  hydrocarbon*,  actually  was  a  mixture  of  the  two  isomers  (I)  and  (II),  in  which 
hydrocarbon  (I),  which  has  a  para-position  substituent  in  the  cyclohexene  ring,  greatly  predominates.  It  was  im¬ 
possible  to  determine  accurately  the  quantitative  ratio  of  isomers  (I)  and  (U)  in  this  fraction  because  of  the  forma¬ 
tion  of  large  quantities  of  trimellitlc  acid  during  the  dehydrogenation  and  oxidation  of  hydrocarbons  (VUI)  and 
(IX).  The  trimellitlc  acid  could  have  been  formed  from  either  of  the  hydrocarbons  (Vni)  and  (DC),  alfliough 
hydrocarbon  (DC)  could  give  hemimellitic  acid,  which  was  practically  unobserved  in  the  dehydrogenation  and 
oxidation  products.  Thus,  it  could  be  assumed  that  the  trimelUtic  acid  formed  chiefly  from  hydrocarbon  (VIII), 
corresponding  to  dimer  (I),  and  consequently,  that  the  total  content  of  dimer  (II)  in  the  first  fraction  could  hardly 
exceed  20<%. 

From  the  mixture  of  dimers  (I)  and  (II)  we  obtained  a  small  quantity  of  the  crystalline  nitrosochloride,  which 
differed  from  the  nitrosochloride  of  hydrocarbon  (1),  as  described  by  Pummerer  and  Graser  [14]; 

Investigation  of  the  middle  "dipentene"  fraction  (b.p.  174-175*  at  760  mm)  showed  that  it  was  not  an  indivi¬ 
dual  compound,  as  shown  by  Lebedev,  but  that  it  was  a  mixture  of  dipentene  (III)  and  diprene  (IV)  formed  by  the 
diene  condensation  of  isoprene,  with  participation  of  the  vinyl  group.  ...  1 

We  were  able  to  determine  the  ratio  of  isomers  (III)  and  (IV)  in  this  fraction  rather  accurately  by  dehydro¬ 
genation  with  platinum  on  carbon,  followed  by  oxidation  of  the  p-  and  m-cymene  with  dilute  nitric  acid,  and  sep¬ 
aration  of  the  terephthalic  and  isophthalic  acids  via  their  barium  salts  and  methyl  esters. 
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Dehydrogenation  and  oxidation  were  carried  out  both  for  a  mixture  of  dimers  (III)  and  (IV)  and  for  the  mix¬ 
ture  of  their  corresponding  menthanes  and  menthenes,  which  were  obtained  by  exhaustive  or  partial  hydrogenation 
of  die  dipentene  fraction,  but  the  ratio  of  terephthalic  and  isophthalic  acids  which  resulted  did  not  vary.  In  this 
manner,  it  was  shown  quite  unexpectedly  that  the  ratio  of  dipentene  (II)  and  dipiene  (IV)  in  the  dimerization 
products  flomasoprene  depended  very  strongly  on  the  reaction  temperature. 


TABLE  2 


Effect  of  Temperature  on  the  Ratio  of  Isoprene  Dimers  (III)  and  (IV).  Composition  of  the  Middle  Fraction 
(b.p,  174-175*)  Determined  by  Dehydrogenation  and  Oxidation  Methods 


CH3 

Tempera- 

h 

Ratio  of 

Ratio  of 

ture 

V 

c 

ChT^^h, 

(%) 

\:Hj 

(%) 

Isomers 

V 

CH 

fm 

isomers 

100* 

20.6 

79.4 

1  :3.8 

23,4 

76.6 

1  :3.2 

150 

28.9 

71.1 

1  :2.4 

250 

65.2 

34.8 

1.8:1 

62,5 

34.8 

1.8:1 

290 

75.0 

25.0 

3  :1 

From  the  adjoining  Table  2  it  is  obvious  that  at  100  and  150*  the  chief  product  of  the  dimerization  of'iso- 
prene  is  diprene  (IV),  but  that  at  250  and  290*.  it  is  chiefly  dipentene  (III). 

From  die  mixture  of  the  dihydrochlorides  and  tetrabromides  obtained  from  the  dipentene  fraction,  we 
separated  large  quantities  of  the  dihydrochloride  and  tetrabromide  of  dipentene  only.  A  mixture  of  menthanes 
having  the  same  ctxistants  as  described  by  Lebedev  [5]  was  obtained  by  hydrogenation  of  the  dipentene  fraction 
over  platinum  oxide. 

Thus,  we  found  it  interesting  and  astonishing  that  the  dimerization  of  isoprene  at  reduced  temperatures 
(100  and  150*)  did  not  obey  the  usual  mechanism  of  the  structural  dlrectability  of  the  diene  synthesis,  but  led  r  . 
chiefly  to  the  formation  of  dipiene  (IV),  with  a  meta- position  substituent.  As  observed  above,  the  condensation  of 
isofvene  and  other  2- substituted  dienes  with  asymmetrical  dieno{^iles  independently  of  the  temperature,  always 
leads  principally  to  addition  products  with  para-position  substituents.  This  interesting  anomaly  in  the  dimeriza¬ 
tion  of  isoprene  was  not  observed  for  piperylene  [16]. 

It  is  apparently  impossible  to  account  for  this  phenomenon  on  the  basis  of  the  reversibility  of  the  diene  syn¬ 
thesis,  since  on  heating  the  dipentene  fraction  (obtained  at  150*)  for  16  hours  at  250*,  the  ratio  of  dipentene  (III) 
and  diprene  (IV)  did  not  change,  and  also  no  traces  of  the  low- boiling  isoprene  dimers  (I)  and  (II)  appeared. 

Besides  the  four  six-membered  cyclic  dimers  (I),  (II),  (III)  and  (IV),  in  the  thermal  dimerization  products 
of  Isoprene,  we  were  able  'to  demonstrate  the  presence  of  the  two  eight-membered  cyclic  dimers  (V)  and  (VI), 
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the  fonnation  of  which  was  observed  under  all  the  conditions  investigated,  and  which  Increased  somewhat  with  an 
increase  of  temperature.  For  the  first  time,  the  mixture  of  dimers  (V)  and  (;^)  was  separated  as  a  high-boiling  frac“ 
tlon  with  a  b.p,  of  85-85.5*  at  30  mm,  and  in  a  quantity  of  1.5  to  5%  of  the  total  quantity  of  the  isoprene  dimers. 

The  structures  of  the  isomeric  dimethylcycloctadienes  (V)  and  (VI)  were  demonstrated  by  ozonlzation,  by 
which  we  obtained  high  yields  of  acetonylacetone,  and  succinic  and  levulinic  acids: 


CHjCOCHaCHxOCiCH,  +  HOOCCMj^CH^COOH 


ZCHaCOCHiO^COOH 


(vr) 


CM, 


The  presence  of  small  quantities  of  formic  acid  in  the  ozonlzation  products  could  be  attributed  to  the  slight 
contamination  with  dipentene  (IQ)  and  diprene  (IV). 


EXPERIMENTAL 


Isoprene  was  obtained  by  dehydration  of  dimethylvinylcarbinol  by  aluminum  oxide  at  300*,  and  had  the 
following  constants:  b.p.  35*.  np  1.4216. 


In  all  cases,  the  dehydrogenation  of  the  isoporene  dimers  (or  products  of  their  hydrogenation)  was  canied 
out  in  the  vapor  phase  by  passing  the  substance  at  a  rate  of  2-3  drops  per  minute  through  an  8  mm-diameter 
glass  tube*  filled  with  catalyst,  and  placed  vertically  in  an  electric  furnace.  Platinum  on  carbon  (15<%  Pt).  pre¬ 
pared  by  the  Linstead  method  [17],  served  as  the  catalyst. 

Dimerization  of  Isoprene  at  100* 

1053  g  of  isoprene  was  heated  at  100- 105*  for  36  hours  in  a  2*‘liter  steel  autoclave  in  a  nitrogen  atmosphere, 
in  the  presence  of  10  g  of  hydroqulnone.  After  the  unreacted  Isoprene  was  removed  (730  g).  the  residuals  were 
vacuum  distilled.  We  obtained  146  g  of  a  mixture  of  isoprene  dimers  with  a  b.p.  of  65.75*  at  25  mm;  n^  1.4740. 
The  residue  was  60  g.  The  mixture  of  isoprene  dimers  (146  g)  was  then  distilled  from  a  20  theoretical  plate  column 
with  glass  caps;  the  following  fractions  were  separated;  1st.  b.p.  62-62.5*  (26  mm),  n^  1.4654,  23  g;  2nd, 
b.p.  62.5-74*  (26  mm),  nfj  1.4680,  10  g;  3rd,  b.p.  74®  (26  ram),  nj^  1.4735,  84  g;  residue,  7  g. 

Moreover,  a  small  quantity  of  the  head  fraction  (about  1  g)  with  a  b.p.  of  100-150*  at  740  mm,  np  1.4430, 
was  separated,  but  it  was  not  investigated  further. 

The  residuals  (7  g),  after  distillation  from  the  column,  were  separately  distilled,  and  in  this  manner  we  ob¬ 
tained  5  g  of  a  substance  with  a  b.p.  of  81-83*  at  26  mm,  nf)  1.4832,  which  was  a  somewhat  impure  mixture  of 
the  eight-membered  dimers  (V)  and  (VI). 


Dimerization  of  Isoprene  at  150* 

442  g  of  isoprene  was  heated  for  36  hours  at  150-160*  in  a  1-llter  steel  autoclave  in  a  nitrogen  atmosphere, 
in  the  presence  of  5  g  of  hydroqulnone.  The  residuals  were  vacuum  distilled  after  removal  of  the  unreacied  iso¬ 
prene  (25  g)J  from  this  we  obtained  269  g  (61<7o)  of  a  mixture  of  isoprene  dimers  with  a  b.p.  of  73-75*  at  25  mm, 
n{5  1.4720.  The  residue  was  50  g. 

The  mixture  of  isoprene  dimers  was  then  distilled  using  a  20  theoretical  plate  column  with  glass  caps,  and 
from  this,  the  following  fractions  were  separated:  1st,  b.p.  55*  (18  mm),  njj  1.4658,  54  g;  2nd,  b.p.  55-67*  (18  mm), 
np  1.4705,  10  g:  3rd,  b.p.  67*  (18  mm),  1.4735,  185  g;  residue,  9.7  g. 

By  distillation  of  the  residue  (9.7  g)  in  a  Favorsky  flask,  we  obtained  7.1  g  of  a  mixture  of  the  eight-mem¬ 
bered  dimers  (V)  and  (VI)  with  a  b.p.  of  74.7-76*  at  16  mm,  n^  1.4885. 

Dimerization  of  Isoprene  at  250* 

530  g  of  isoprene  was  heated  at  250*  for  2.5  hours  in  a  1-liter  steel  ampoule  in  a  nitrogen  atmosphere,  in 
the  presence  of  1%  phenyl-6-naphthylamine.  After  removal  of  the  uiueacted  isoprene,  the  residuals  were  vacuum 
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distilled,  and  we  separated  464  g  (87.5%)  of  a  mixture  of  isoprene  dimers  with  a  b.p.  of  72-78*  at  28  mm,  np  14720 
This  mixture  of  isoprene  dimers  was  then  distilled  from  a  20  theoretical  plate  column  with  glass  caps,  and  we  ob¬ 
tained  the  following  fractions:  1st,  b.p,  62-63*  (26  mm),  nfj  1.4655,  123  g;  2nd,  b.p.  63-75*  (26  mm),  n^  1.4695, 

9  g:  3rd.  b.p.  75-76*  (27  mmX  n^  1.4735,  270  gr4th.  b.p,  76-85*  (30  mm),  n^  1.4742,  11  g;  5th,  b.p.  85-85,5* 

(30  mm),  np  1.4842.  7  g;  residue,  22  g. 

Dimerization  of  Isoprene  at  290* 

A  100  ml  steel  ampoule  containing  34  g  of  isoprene  and  1%  phenyl-6-naphthylamine,  was  submerged  in  a 
tin  bath,  and  heated  to  350*;  the  temperature  of  the  bath  was  at  once  decreased  to  285*  and  maintained  at  285- 
290*  for  45  minutes. 

The  products  from  the  three  analogous  experiments  were  combined  and  vacuum  distilled.  In  this  way,  66  g 
of  iso{»ene  dimers  (66%)  widi  a  b.p.  of  64-85*  at  12  mm,  njf  1.4740,  was  obtained.  Moreover,  we  obtained  4  g 
of  a  substance  with  a  b.p,  of  85-139*  at  12  mm.  n^  1.4900,  The  residue  was  20  g.  By  redistillation  of  the  last 
fraction,  we  obtained  2  g  of  the  isoprene  trimer,  apparently,  which  had  a  b.p.  of  133-135*  at  12  mm,  n^  1.4940. 

A  mixture  of  the  isoprene  dimers  (66  g)  was  then  distilled  .using  a  column  of  40  dieoretical  plates,  from  which 
the  following  fractions  were  obtained:  1st,  b.p.  52*  (16  mm),  n^  1.4645,  20  g;  2nd,  b.p,  52-66*  (17  mm),  n§ 

1.4690,  2  g;  3rd,  b.p.  66*  (16  mm),  ng  1.4732,  27  g;  4th.  b.p,  66-78*  (16  mm),  ng  1.4750,  1.2  g;  5th,  b.p.  78* 

(16  mm),  nff  1.4850.  3.1  g. 

Investigation  of  the  low-boiling  fraction  of  dimers  (I)  and  (II).  The  low- boiling  fraction  was  a  mixture  of 
isoprene  dimers  (I)  and  (II): 

B.p,  62-63*  (20  mm),  160-161*  (760  mm),  n^  1.4658,  d***  0.8329;  MR  45.29;  calculated  45.25. 

According  to  the  data  of  Lebedev  [5],  this  fraction  has  the  following  constants:  b.p.  44*  (9  mm),  160-161* 
(760  mmX  1.4658,  dj*  0.8331. 

Hydrogenation  of  a  mixture  of  isoprene  dimers  (I)  and  (II).  24.  8  g  of  a  freshly-distilled  mixture  of  dimers 

(I)  and  (II)  (b.p.  62-63*  at  26  mmX  obtained  from  the  dimerization  of  isoprene  at  250*,  was  hydrogenated  at  50*. 
in  the  presence  of  Raney  nickel,  and  under  a  hydrogen  pressure  of  60  atm,  until  the  absorption  of  hydrogen  ceased. 
Hydrogenation  proceeded  energetically  (about  one  molecule  of  hydrogen)  at  first,  but  toward  the  end  it  decelerated, 
and  complete  hydrogenation  was  attained  with  great  difficulty.  From  the  distillation,  we  obtained  20.4  g  of  a  mix¬ 
ture  of  hydrocarbons  (X)  and  (XI): 

B.p.  163-165*  (760  mm),  ng  1.4405,  df  0.8006;  MR  46.21;  calculated  46.18. 

By  hydrogenation  of  this  fraction  over  platinum  oxide,  Lebedev  [5]  obtained  a  hydrocarbon  having  the  follow¬ 
ing  constants: 

B.p.  163-164.5*  (760  mm),  ng  1,4411,  dj*  0.7990. 

Ozonieatioti  of  a  mixture  of  isoprene  dimers  (I)  and  (II).  8  g  of  a  low-boiling  fraction  (b.p.  62-53*  at  26 
mm),  obtained  by  dimerization  of  isoprene  at  250*,  was  dissolved  in  55  ml  of  90%  acetic  acid,  and  into  the  solu:' 
tion  at  0*  ozonized  oxygen  (concentration  of  ozone  6%)  was  passed  for  20  hours,  until  the  reactirm  at  the  double 
bond  (b^  decolor! za tion  of  bromine)  tapered  off.  ^ 

To  the  solution  of  the  ozonide  we  added  36  ml  of  77%  peracetic  acid,  after  which  the  solution  was  heated 
at  50-60*  for  20  hours  on  a  water  bath,  and  then  it  was  heated  for  1  hour  on  a  boiling  water  bath.  The  acetic  acid 
was  volatilized  in  vacuo  on  the  water  bath,  and  in  the  residue  we  obtained  11.1  g  of  a  mixture  of  the  dibasic  keto 
acids  (XIV)  aid  (XV)  as  a  thick,  non-crystallizing  oil.  from  which  we  were  unable  to  obtain  a  2,4-dinitrophenyl- 
hydrazone. 

By  titration  we  found  the  molecular  weight  of  the  acid  to  be  226.  Cg^li^Os.  Calculated  202. 

0.5  g  of  the  mixture  of  acids  (XIV)  and  (XV),  described  above,  was  heated  for  5  hours  at  100*  with  2  ml 
of  76%  peracetic  acid.  The  acetic  acid  was  removed  in  vacuo.  Then  5  ml  of  water  was  added  to  the  residue  and 
all  the  volatiles  were  again  removed  in  vacuo.  On  treatment  of  the  residue  with  ether,  0.4  g  of  2-methyl-2-car- 
boxyadipic  acid  (VII)  with  a  m.p.  of  126-127*  was  separated.  Mixing  of  the  test  sample  with  the  known  form  ob¬ 
tained  by  ozonization  of  the  addition  product  from  isoprene  and  mediyl  methacrylate,  produced  no  m.p.  depres¬ 
sion  [10]. 


Partial  Hydrogenation  of  the  Dimers  (I)  and  (II)  with  Subsequent  Dehydrogenation  and 
Oxidation 

a)  10  g  of  a  mixture  of  dimers  (I)  and  (II),  obuined  from  the  dimerization  of  isoprene  at  100*  (b.p.  62-62.5* 
at  26  mm),  was  hydrogenated  at  50*  m  a  solution  of  100  ml  of  a  mixture  (1:1)  of  methanol  and  ether,  in  the  pre¬ 
sence  of  0.5  g  of  15<%  plathium  on  carbon,  under  a  hydrogen  pressure  of  75  atm,  until  approximately  one  molecule 
of  hydrogen  had  been  absorbed.  The  product  was  separated  from  the  catalyst,  diluted  to  twice  its  volume  with 
water,  extracted  with  ether,  dried  with  calcium  chloride  and  distilled.  We  obtained  6.5  g  of  a  mixture  of  hydro¬ 
carbons  (VIII)  and  (IX)  with  a  b.p.  of  161-166",  nf5  1.4550. 

5.5  g  of  this  mixture  was  dehydrogenated  at  340-350"  with  platinum  on  carbon.  The  product  was  passed  over 
the  catalyst  4  times.  As  a  result,  we  obtained  1.9  g  of  a  dehydrogenation  product  (n|)  1.4880),  which  was  oxidized 
by  heating  for  2  hours  at  17 0-200*  with  60  ml  of  2Q°Jo  nitric  acid,  under  a  nitrogen  pressure  of  40  atm.  The  mix¬ 
ture  of  terephthalic  and  isophthalic  acids  was  separated,  washed  with  water,  and  dried  (1.2  g).  By  concentration 
of  the  mother  liquor,  we  obtained  1.5  g  of  trimelliuc  acid  which,  after  recrystallization  from  5«7o  hydrochloric  acid, 
melted  at  225-227*.  Mixture  of  a  test  sample  with  the  known  form  of  trimellitic  acid  showed  no  melting  point  de¬ 
pression. 

In  order  to  separate  terephthalic  and  isophthalic  acids  (1.2  g),  we  heated  the  mixture  for  20  minutes  with 
2.4  ml  of  a  concentrated  solution  of  ammonia.  The  precipitate  was  dissolved  in  water,  the  solution  was  concen¬ 
trated  to  a  volume  of  6  ml,  and  mixed  with  a  solution  of  0.8  g  of  barium  chloride  in  1.4  ml  of  water.  On  the 
following  day,  the  barium  terephthalate  which  had  formed  was  washed  with  water,  and  was  decomposed  by  boil¬ 
ing  for  5  hours  with  2  ml  of  15<%  hydrochloric  acid. 

The  terephthalic  acid  obtained  was  separated,  and  dried  in  a  desiccator.  In  this  way  we  obtained  0.8  g  of 
terephthalic  acid  with  a  melting  point  of  about  320*.  The  filtrates,  after  separation  of  the  barium  terephthalate 
and  washing  with  water,  were  combined  and  acidified  with  hydrochloric  acid,  yielding  0.2  g  of  isophthalic  acid 
with  a  m.p.  of  about  340*. 

0.8  g  of  the  terephthalic  acid  described  above,  20  ml  of  methanol  and  1  ml  of  concentrated  sulfuric  acid 
were  washed  with  water  and  dried  in  a  desiccator.  We  obtained  0.85  g  of  dimethyl  terephthalate  (from  ethanol), 
with  a  m.p.  of  140-141*,  which  caused  no  depression  of  the  m.p.  with  the  known  form. 

0.2  g  of  the  isophthalic  acid  obtained  in  this  experiment  was  dissolved  in  30  ml  of  medianol,  and  the  solu¬ 
tion  was  saturated  with  hydrogen  chloride  and  allowed  to  stand  at  room  temperature  for  36  hours.  After  removal 
of  the  solvent,  we  obtained  0.2  g  of  dimethyl  isophthalate  (from  ethanol)  with  a  m.p.  of  63-64",  and  it  caused  no 
m.p,  depression  when  mixed  with  the  known  substance.  The  ratio  of  terephthalic  and  isophthalic  acids  was  4:1. 

b)  10  g  of  the  low-boiling  fraction  (b.p.  55*  at  18  mm)  obtained  from  the  dimerization  of  isoprene  at  150*, 
was  hydrogenated  with  platinum  on  carbon,  as  described  in  the  preceding  experiment.  We  obtained  7  g  of  a  mix¬ 
ture  of  hydrocarbons  (VIII)  and  (IX)  with  a  b.p.  of  164-166*,  nl5  lt4565. 

5  g  of  this  mixture  of  hydrocarbons  was  dehydrogenated  at  340-350*  over  platinum  on  carbon.  We  obtained 
3.3  g  of  the  dehydrogenation  product  (nfi  1.4905).  which  was  oxidized  by  heating  for  3  hours  at  170-200*  with  80 
mlcf20%  nitric  acid,  under  a  nitrogen  pressure  of  18  atm;  in  this  manner,  1.6  g  of  terephthalic  and  Isophthalic 
acids  was  obtained,  and  from  the  mother  liquor  we  separated  0.9  g  of  trimellitic  acid  which,  after  recrystalliza¬ 
tion  from  hydrochloric  acid,  melted  at  225-227*,  and  produced  no  m.p.  depression  with  the  known  substartee. 

As  described  above,  the  i^thalic  acids  were  separated  as  the  barium  salts,  which  were  subsequently  conver¬ 
ted  to  the  dimethyl  esters.  We  obtained  0.9  g  of  dimethyl  terephthalate  with  a  m.p.  of  140-141*  and  0.3  g  of  di¬ 
methyl  isophthalate  with  a  m.p.  of  63-64*.  The  ratio  cf  terephthalic  and  isophthalic  acids  was  3:1. 

c)  10  g  of  the  low-boiling  fraction  (b.p.  62-03"  at  26  mm),  obtained  from  the  dimerization  of  isoprene  at 
250",  was  hydrogenated  in  a  solution  of  meflianol  and  ether  in  the  presence  of  platinum  on  carbon,  as  described 
above.  We  obtained  5  g  of  a  mixture  of  hydrocarbons  (VIII)  and  (IX)  (b.p.  164-166",  n§  1.4580),  which  was  de¬ 
hydrogenated  at  340-350*  with  platinum  on  carbon;  in  this  way.  we  obtained  3.2  g  of  dehydrogenation  products 
(nf5  1.4880),  which  were  oxidized  by  heating  at  170-200*  with  75  ml  of  20<^o  nitric  acid,  under  a  nitrogen  pressure 
of  40  atm.  As  a  result,  we  separated  1.5  g  of  a  mixture  of  terephthalic  and  isophthalic  acids,  and  from  the  mother 
liqiorwe  obtained  1.9  g  of  trimellitic  acid  which,  after  recrystallization  from  5^%  hydrochloric  acid,  melted  at  225- 
227",  and  caused  no  m.p.  depression  with  the  known  substance. 

The  phthalic  acids  were  separated  as  the  barium  salts  by  the  usual  method,  and  dien  were  converted  to  the 
dimethyl  esters.  We  obtained  0.95  g  of  dimethyl  terephthalate  with  a  m.p.  of  140-141*,  and  0.4  g  of  dimetkyl 
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isophthalate  with  a  m.p.  of  63-64*,  which  produced  no  m.p.  depressions  with  the  known  substances.  The  ratio  of 
terephthalic  and  isophthalic  acids  was  2.3:1. 

d)  10  g  of  the  low-boiling  fraction  (b.p.  52*  at  16  mm),  obtained  by  the  dimerization  of  Isoprene  at  285- 
290*  (b.p.  51,5*  at  16  mm,  nfj  1,4645),  was  hydrogenated  at  50*  under  a  hydrogen  pressure  of  50  atm  in  the  pre¬ 
sence  of  1  g  of  5®fc  palladium  on  carbon.  After  the  usual  treatment,  9  g  of  a  mixture  of  hydrocarbons  (VIII)  and  (IX) 
with  ab.p.  of  168-170*  n|)  1.4520  was  obuined,5.2gofthis  mixture  was  dehydrogenated  with  Ptoncarbonat340*.  Weob- 
tained  2.7  gof  dehydrogenation  products  (n}5  1.4880),  which  were  oxidized  by  heating  at  200*  for  3  hours  with  35  mlof20<% 
nitric  acid  under  a  nitrogen  pressure  of  20  atm;  in  this  way  we  obtained  2  g  of  a  mixture  of  terephthalic  and  isophthalic  acids 
and  from  the  mother  liquor  we  obtained  0.2  g  of  trimellitic  acid  which  had  a  m.p,  of  225-227*,  and  produced  no 
m.p.  depression  when  mixed  with  the  known  substance. 

In  order  to  separate  the  mixture  of  terephthalic  and  isophthalic  acids  (2  g)  obtained,  we  dissolved  it  in  25 
ml  of  a  soda  solution.  Then  we  added  5.6  g  of  barium  chloride  in  8  ml  of  water  to  the  solution.  The  precipi¬ 
tate  of  barium  terephthalate  was  separated,  the  filtrate  was  acidified  with  15<’/o  hydrochloric  acid,  the- precipita¬ 
ting  mixture  of  acid»(0.7  g)  was  separated  and  again  dissolved  in  10  ml  of  5<%soda  solution,  and  2.5  g  of  barium 
chloride  in  4  ml  of  water  was  added  to  the  solution.  The  barium  terephthalate  was  filtered  off,  the  filtrate  was 
acidified,  and  in  this  way  we  separated  0.3  g  of  isophthalic  acid,  from  which  we  obtained  0.3  g  of  the  dimetiiyl 
ester  which  had  a  m.p.  of  63-64*,  and  caused  no  m.p.  depression  with  the  known  substance  The  barium  salts  of 
terephthalic  acid  were  combined  and  boiled  witli  20  ml  of  15%  hydrochloric  acid  for  30  minutes;  in  this  way  we  ob¬ 
tained  0,9  g  of  terephthalic  acid,  from  Vhichwe  obtained  0.8  g  of  the  dimethyl  ester,  which  had  a  m.p.  of  140- 
141*.  and  which  caused  no  m.p.  depression  with  the  known  substance.  The  ratio  of  terephthalic  and  isophthalic 
acids  was  2.3:1. 

Production  of  the  nitrosochlorides  from  a  mixture  of  dimers  (I)  and  (II).  At  a  temperature  of  ~8*,  ethyl 
nitrite  was  passed  into  a  solution  containing  17  g  of  a  mixture  of  dimers  (I)  and  (II)  (obtained  by  dimerizauon  of 
isoprene  at  250*)  in  20  ml  of  alcohol,  after  which?-. 5  ml  of  water  was  added,  and  a  current  of  hydrogen  chlor¬ 
ide  was  passed  in  at  a  temperature  of  0  to  *“10*. 

The  reaction  product  was  cooled  to  ““10*.  and  the  nitrosochloride  obtained  (4,5  g)  was  filtered  off.  The  cry¬ 
stals  were  purified  by  dissolving  them  in  chloroform  and  precipitating  them  with  acetone.  We  obtained  1.5  g  of 
the  nitrosochloride  with  a  m.p.cf  92-92.5*. 

Founds  N  6.97,  7.12.  CnHiaONCl.  Calculated  %-.  N  6.95. 

From  hydrocarbon  (I)  Pummerer  [14]  obtained  a  nitrosochloride  with  a  m.p,  of  113-114*. 

Investigation  of  the  Middle  Fraction  of  Dimers  (III)  and  (IV). 

The  middle  fraction  of  the  isoprene  dimers  coiuisted  of  a  mixture  of  dipentene  (III)  and  diprene  (IV). 

B.p.  67*  (18  mm).  74*  (26  mm).  174-175*  (760  mm),  n^  1.4735,  dj*  0.8436;  MR  45.36.  calculated  45.24. 

According  to  the  data  of  Lebedev  [5]  this  fraction  has  a  b.p.  of  58*  (9.5  mm),  174-175®  (760  mm),  nj^'^  1.4712, 
df  0.8454. 

Dehydrogenation  of  a  Mixture  of  Dimers  (III)  and  (IV)  and  Oxidation  of  the  Hydro¬ 
carbons  Obtained 

a)  5  g  of  the  dipentene  fraction  (b.p.  74*  at  26  mm,  nfj  1.4735).  obtained  by  the  dimerization  of  isoprene 
at  100*,  was  dehydrogenated  with  platinum  on  carbon  at  320-330*;  we  obtained  4  g  of  dehydrogenation  products 
(nB  1.4905),  which  were  oxidized  by  heating  at  160-200*  for  3  hours  with  100  ml  of  20%  nitric  acid,  under  a  nitro¬ 
gen  pressure  of  40  atms.  The  resulting  mixture  of  isophthalic  and  terephthalic  acids  (3.5  g)  was  separated  by  the 
usual  mediod  via  the  barium  salts  and  dimethyl  esters. 

We  obtained  0.6  g  of  dimethyl  terephthalate  with  a  m.p.  of  140-141*  and  2.3  g  of  dimethyl  isophthalate  with 
a  m.p.  of  63-64*.  Mixtures  of  the  test  samples  of  these  esters  with  the  known  substances  showed  no  m.p.  depres¬ 
sions.  The  ratio  cf  terephthalic  and  isophthalic  acids  was  1:3,8. 

b)  5.8  g  of  the  dipentene  fraction  (b.p.  67*  at  18  mm.  nB  1.4735),  obtained  by  thedimerization  of  isoprene 
at  150*,  was  dehydrogenated  at  320-330*  with  platinum  on  carbon;  in  this  way  we  obtained  4.9  g  of  dehydrogena¬ 
tion  products  (nJ5  1.4920),  which  were  oxidized  by  heating  at  160-200*  for  3  hours  with  no  ml  of  20%  nitric  acid, 
under  a  nitrogen  pressure  of  40  atms.  The  resulting  mixture  ofphthalic  acids  (4.2  g)  was  separated  by  the  usual 
method  via  the  barium  salts  and  the  dimethyl  esters.  We  obtained  1.2  g  of  dimethyl  terephthalate  with  a  m.p. 
of  140-141*  and  3  g  of  dimethyl  isophthalate  with  a  m.p.  of  63-64*.  Mixtures  of  test  samples  of  these  esters  with 
the  known  substances  produced  no  m.p,  depressions.  The  ratio  of  terephthalic  and  isophthalic  acids  was  1:2.5. 


298 


c)  10  g  of  the  dipentene  faction  (b.p.  75-76*  at  27  mm.  1.4735).  obtained  In  the  dimalzation  of  iso- 
prene  at  250*,  was  dehydrogenated  at  325*  with  platinum  on  carbon.  As  a  result,  we  obtained  6.8  g  of  dehydrogena¬ 
tion  products  (n^  1.4900);  2.5  g  of  these  products  was  heated  for  3.5  hours  at  160-200*  with  60  ml  of  20*^0  nitric 
acid,  under  a  nitrogen  pressure  of  45  atms;  in  this  way  we  obtained  2.2  g  of  a  mixture  of  terephthalic  and  isophthal- 
ic  acids,  which  were  separated  as  the  barium  salts  by  the  usual  method,  followed  by  conversion  to  die  dimediyl 
esters  by  means  of  diazomethane.  We  obtained  0.8  g  of  dimethyl  terephthalate  with  a  m.p.  of  141-142*  and  0*45 

g  of  dimethyl  isophthalate  with  a  m.p.  of  64-65*.  Mixtures  of  test  samples  of  the  esters  of  both  acids  with  the  known 
substances  caused  no  melting  point  depressions.  The  ratio  of  terephdialic  and  isophthalic  acids  was  1.7:1. 

d)  5  g  of  the  dipentene  fraction  (b.p.  66*  at  16  mm,  n|)  1.4732).  obtained  in  the  dimerization  of  isoprene 
at  285-290*,  was  dehydrogenated  at  330*  with  5<%  palladium  on  carbon;  in  this  way  we  obtained  4.5  g  of  dehydro¬ 
genation  products  (b.p.  170"175*,  nB  1.4900),  which  were  oxidized  by  heating  fof  3  hours  at  190-200*  with  100 
ml  of  20%  nitric  acid,  under  a  nitrogen  pressure  of  25  atms.  We  obtained  3.9  g  of  a  mixture  of  terephthalic  and 
isophthalic  acids,  which  was  separated  by  the  usual  method.  We  obuined  2.3  g  of  dimethyl  terephthalate  with  a 
m.p.  of  140-141*,  and  0.9  g  of  dimethyl  isophthalate  with  a  m.p.  of  63-64*.  Mixture  of  samples  of  these  esters 
with  the  known  substances  gave  no  melting  point  depressions.  The  ratio  of  terephthalic  and  Isophthalic  acids  was 
2.5:1. 

H y drogena tioh  of  the  Dipentene  Fraction  Followed  by  Dehydrogenation  and  Oxidation 

a)  12  g  of  the  dipentene  fraction  (b.p.  74*  at  26  mm,  nfS  1.4735),  obtained  as  a  result  of  the  dimerization  of 
isoprene  at  100*,  was  hydrogenated  at  50*  in  100  ml  of  a  solution  of  methanol  and  ether  (1:1),  in  the  {vesence  of 

2  g  of  palladium  on  carbon,  under  a  hydrogen  pressure  of  50  atms,  until  the  absorption  of  hydrogen  ceased.  After 
the  usual  treatment,  we  obtained  10  g  of  a  mixture  of  hydrocarbons  (XII)  and  (Xni)  with  a  b.p.  of  165*168*. 
n^  1.4460. 

5  g  of  this  mixture  was  dehydrogenated  at  340«-350*  with  platinum  on  carbon.  We  obtained  4  g  of  dehydro¬ 
genation  products  (nf)  1.4900)  which  were  oxidized  by  heating  for  3  hours  at  200-210*  with  100  ml  of  20%  nitric 
acid,  under  a  nitrogen  pressure  of  18  atm.  We  obtained  3.7  g  of  a  mixture  of  phthalic  acids,  which  were  separated 
by  the  usual  method.  We  obtained  0.9  g  of  dimethyl  terephthalate  with  a  m.p.  of  140-141*,  and  2.8  g  of  dimediyl 
isophthalate  with  a  m.p.  of  63-64*.  Neither  ester  produced  &  depression  of  the  melting  point  with  the  known  sub¬ 
stance.  The  ratio  of  terpphthalic  and  isophthalic  acids  was  1:3.2. 

b)  21  g  of  the  dipentene  fraction  (b.p.  74-75*  at  26  mm),  obtained  as  a  result  of  the  dimerization  of  iso¬ 
prene  at  250*,  was  hydrogenated  at  50"  under  a  hydrogen  pressure  of  50  atm,  over  Raney  nickel,  until  the  absorp¬ 
tion  of  hydrogen  qeased.  We  obtained  16.6  g  of  a  mixture  of  para-  and  meta-menthanes  (XII)  and  (Xni). 

B.p.  166-169*  (760  mm),  nf^  1.4415.  dj®  0.8025;  MR  46.19;  calculated  46.18. 

According  to  the  data  of  Zelinsky  and  Levina  [181  para-menthane  had  a  b.p.  of  168.5-169*  (749  mm), 
ng  1.4394,  df  0.7985. 

11  g  of  the  mixture  of  menthanes  (XII)  and  (Xni)  described  above  was  dehydrogenated  at  360-370*  with 
platinum  on  carbon.  We  obtained  9.5  g  of  dehydrogenation  products  with  a  b.p.  of  162-173*,  ng  1.4920, 

7  g  of  these  dehydrogenation  products,  49  g  of  chromic  anhydride.  210  g  of  water,  210  ml  of  glacial  acetic 
acid,  and  70  ml  of  sulfuric  acid  were  refluxed  for  3  hours.  The  reaction  product  was  diluted  with  water  (200  ml). 
We  obuined  3.8  g  of  a  mixture  of  terephthalic  and  isophthalic  acids,  which  were  separated  and  converted  to  the 
methyl  esters  by  the  usual  methods.  We  obuined  1.9  g  of  dimethyl  terephthalate  with  a  m.p.  of  141-142*  and 
1,15  g  of  dimethyl  isophthalate  with  a  m.p.  of  64-65*, 

Mixed  samples  of  both  esters  with  the  known  substances  did  not  show  m.p.  dej^essions.  The  ratio  of  tere¬ 
phthalic  and  isophthalic  acids  was  1.7:1. 

Hydrogenation  of  the  Dipentene  Fraction  in  the  Presence  of  Platinum  Oxide 

a)  44.8  g  of  a  mixture  of  dimers  (HI)  and  (IV)  (b.p,  74.5*  at  26  mm,  ng  1.4735X  obuined  from  the  dimeri¬ 
zation  of  Isoprene  at  250*,  was  hydrogenated  in  a  solution  of  250  ml  of  alcohol  in  the  presence  of  0.5  g  of  plat¬ 
inum  oxide,  under  a  hydrogen  pressure  of  72  atm.  After  removal  of  the  alcohol,  we  obtained  28.0  g  of  a  mixture 
of  para-  and  meta-menthanes. 

B.p,  171-172*  (760  mm),  ng  1.4518,  df  0.8168;  MR  46.30;  calculated  46.18. 

According  to  the  dau  of  Lebedev  [5]  the  hydrocarbon  obuined  in  the  hydrogenation  of  this  fraction  had  a 
b.p.  of  172-174*. 
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The  dihydrochloride  from  the  dipentene  fraction.  42  g  of  the  dipentene  fraction  (b.p.  74-75*  at  26mm), 
obtained  by  the  dimerization  of  isoprene  at  250*,  was  stirred  with  10  ml  of  36<7o  hydrochloric  acid  at  30-33*  for 
17  hours.  The  aqueous  layer  was  removed,  and  the  product  was  dried  with  calcium  chloride.  Upon  freezing  the 
aqueous  layer,  we  obtained  7  g  of  dipentene  dihydrochloride  with  a  m.p.  of  49-50*;  moreover,  we  obtained  10  g 
of  die  liquid  dichloride,  with  a  b.p.  of  110-112*  (14  mm),  np  1.4850,  which  we  did  not  investigate  further.  Mix¬ 
ture  of  the  test  sample  of  dipentene  dihydrochloride  with  the  known  substance  obtained  from  terpineol  showed  no 
melting  point  depression. 

We  were  unable  to  separate  dipentene  dihydrochloride  from  the  dipentene  fraction  obtained  by  the  dimeriza¬ 
tion  of  isoprene  at  100*. 

The  tetrabromide  from  the  dipentene  fraction.  On  bromination  of  the  dipentene  fraction  (b.p.  74*  at  26 
mm),  obtained  at  250*,  in  acetic  acid,  we  obtained  a  2^*%  yield  of  crystalline  dipentene  tetrabromide,  which 
melted  at  222-224*  [5]  after  repeated  crystallization  from  ethyl  acetate.  From  this  fraction  we  obtained  dipent¬ 
ene  nitrosochloride,  with  a  m.p.  of  102-103*  [14],  by  the  usual  method. 

Investigation  of  the  High-Boiling  Fraction  of  Dimers  (V)  and  (VI) 

The  high-boiling  fraction  consisted  of  a  mixture  of  the  eight- membered  isoprene  dimers  (V)  and(VI). 

B.p.  83-83.5*  (26  mm),  nf}  1.4885,  df  0.8745;  MR  44.92;  calculated  45.72. 

Found  <%c  C  88.15;  H  11.85.  CuHig.  Calculated  <%:  C  88.16;  H  11.84. 

We  passed  ozonized  oxygen  (6<%)  at  0*,  at  a  rate  of  5-6  liters  per  hour,  into  a  solution  of  2.5  g  of  a  mixture 
of  dimers  (V)  and  (VI)  in  50  ml  of  chloroform,  until  the  reaction  at  the  double  bond  (bromine  in  chloroform) 
ceased.  The  chloroform  was  removed  in  vacuo,  and  the  residue  was  boiled  with  30  ml  of  water  until  the  ozonide 
was  decomposed,  then  it  was  neutralized  with  soda  and  extracted  with  ether.  We  determined  the  formic  acid 
content  in.  the  aqueous  solution  by  the  calomel  method  (0.12  g). 

The  aqueous  solution  was  concentrated  until  crystallization  began,  then  it  was  acidified  with  5  ml  of  concen¬ 
trated  hydrochloric  acid.  The  sodium  chloride  which  separated  was  filtered  off,  and  the  solution  was  exuacted  with 
edier.  We  separated  0.5  g  of  succinic  acid  by  concentrating  the  aqueous  solution,  and  0.9  g  of  succinic  acid  from 
the  ether  extract.  After  recrystallization,  the  succinic  acid  melted  at  184-185*,  and  caused  no  m.p.  depression 
with  the  known  substance.  Moreover,  from  the  ether  extract  we  obtained  0.6  g  of  levulinic  acid  with  a  b.p.  of 
155-157*,  the  para-nitrophenylhydrazone  of  which  melted  at  152-153*,  the  semicarbazone  of  which  melted  at 
188*,  and  the  mixture  of  which  caused  no  m.p.  depression  with  the  known  substance.  After  removal  of  the  ether 
from  the  neutral  products,  we  obuined  1.5  g  of  a  residue  from  which  we  obtained  1.7  g  of  the  para-nitroi^ienyl- 
hydrazone  of  acetonylacetone,  which  had  a  m.p.  of  114-115*.  Mixture  of  the  test  sample  with  the  known  para- 
nitrophenylhydrazone  of  acetonylacetone  caused  no  m.p.  depression. 

SUMMARY 

From  the  dimerization  of  isoprene  in  the  100-300*  range  we  obtained  all  four  of  the  theoretically  possible 
six-membered  dimers,  the  proportions  of  which  varied  widely  with  the  reaction  temperature. 

At  the  dimerization  temperature  of  isoprene  was  increased  from  100  to  300*.  the  total  amount  of  dimers 
(I)  and  (II)  (b.p.  160-161*)  increased  from  20  to  40*^  but  the  total  quantity  of  dimers  (III)  and  (IV)  (b.p,  174-175*) 
decreased  from  80  to  60<%.  The  ratio  of  dimers  (III)  and  (IV)  in  the  middle,  so-called  dipentene  fraction  (b.p. 
174-175*X  changed  quite  sharply  with  the  dimerization  temperature.  At  reduced  temperatures  (100-150*)  the  chief 
product  of  the  dimerization  of  isopene  was  diprene  (IV).  but  at  elevated  temperatures  (250-300*)  it  was  dipentene 

(in). 

Thus,  the  dimerization  of  isoprene  at  reduced  temperatures  did  not  obey  the  usual  mechanism  of  the  struc¬ 
tural  directability  of  the  diene  synthesis.  In  all  the  experiments,  the  mixture  of  isoprene  dimers  (I)  and  (II)  (b.p, 
160-161*)  contained  dimer  (I)  with  the  para -substituent,  as  the  chief  product. 

From  the  dimerization  products  of  isoprene,  for  the  first  time,  we  obtained  1.5-5<%  yield  of  a  mixture  of 
bodi  of  the  theoretically  possible  eight- membered  dimers  (V)  and  (VI),  in  the  form  of  a  high-boiling  fraction  with 
a  b.p.  of  83-83,5*  at  26  mm. 
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DIMERIZATION  OF  TRANS  -  PIPER  YLENE 


I.  N.  Nazarov,  N.  V.  Kuznetsov  and  A.  I,  Kuznetsova 


Dimerization  of  1-phenylbutadiene  [1],  buudiene-1 -carboxylic  acid  [2]  and  1-cyanobutadiene  [3]  has  resul¬ 
ted  only  in  dimers  (I)  with  ortho-positionsubstituentsin  the  ring,  while  efforts  to  obtain  dimers  with  meta-position 
substituents (II)  proved  unsuccessful. 


R  R  R 


The  dimerization  of  piperylene,  the  simplest  of  the  1-substituted  dienes,  has  been  littli;  studied,  and  it  is 
only  most  recently  thatRachinsky  and  Zelmanovich  [4]  reported  that  at  175-180*,  piperylene  forms  "a  completely 
homogeneous" '■’dimer,  to  which  they  ascribed  the  structure  of  the  meta  addition  product  (VI).  As  we  indicated  in  , 
a  previous  communication  [51  diene  condensation  of  piperylene  with  asymmetic- '  dienophiles  always  results  in 
a  mixture  of  addition  products,  containing  85-95%  ortho  isomers  (III)  and  only  5-15%  meta  isomers  (IV) 


X 


=o4,ccoR,<iH5  (m)  (ly) 


X 


Theoretically,  depending  upon  the  orientation  of  the  molecule,  dimerization  of  piperylene  by  diene  conden¬ 
sation  may  produce  four  six-membered  and  two  eight- membered  cyclic  dimers  (V-X),  each  of  which  may  be  re¬ 
presented  by  various  geometric  isomers: 


(i)  (n)  (w)  (m)  (a)  (i) 


We  studied  the  dimerization  of  trans -piperylene  at  various  temperatures  (140,  200,  240*),  as  it  had  been 
demonstrated  with  isoprene  [6]  that  temperature  has  a  very  strong  effect  upon  the  nature  of  the  dimerization’ pro¬ 
duct  and  the  ratios  of  isomeric  dimers  formed  (particularly  dipentene  and  diprene). 

The  piperylene  was  heated  in  steel  ampoules,  and  the  dimers  obuined  were  carefully  distilled  on  a  column 
of  70  theoretical  plates  effectiveness.  As  was  to  have  been  expected,  the  piperylene  dimers  consisted  of  a  complex 
mixture  of  hydrocarbon  isomers,  among  which  we  found  all  four  of  the  six-membered  dimers  (V),  (VI),  (VII)  and 
(VIII),  and  also  one  eight- membered  cyclic  dimer  (IX),  By  a  combination  of  precise  distillation  of  large  quantities 
of  the  dimers  in  highly -efficient  columns,catal3'tic  del^rpgenatioiiiuid  new  methods  of  oxi/dation,  we  succeeded  not 
only  in  definitely  determining  the  structure  of  all  the  piperylene  dimers  obtained,  but  also  in  evaluating  their  re¬ 
lative  quantities  to  a  considerable  degree  of  exactitude. 

In  accordance  with  the  structurally  determined  direction  of  diene  condensation  of  piperylene  (and  of  other 
1-substituted  dienes)  with  a^mmetric, .  dienophiles,  dimerization  of  piperylene  results  })rimarlly  in  the  synthesis 
of  dimer  (V),  constituting  about  90%  of  the  total  quantity  of  the  dimers,  and  having  its  substituents  in  ortho- position 
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in  the  ring.  This  dimer  is  liberated  with  relative  ease  by  distillation  as  the  major  (second)  fraction,  m.p.  83,5* 

(47  mm),  n|j  1.4655. 

The  structure  of  dimer  (V)  was  determined  by  dehydiqpmtiai  with  palladium  over  charcoal  at  320*,  and  by 
subsequent  oxidation  (in  phthalic  acid  with  the  aid  of  20®7o  dilute  nitric  acid  under  pressure)  of  the  o-methylpropyl- 
benzene  formed  thereby. 


This  method  made  it  possible  to  oxidize  the  homologous  aromatic  acids  of  the  most  diverse  aromatic  com¬ 
pounds,  including  die  ortho-substituted,  and  to  obtain  almost  the  full  theoretical  yield.  Other  oxidizing  agents 
(permanganate,  chromium  trioxide,  concentrated  nitric  acid)  are  of  little  value  in  the  oxidation  of  the  ortho-sub¬ 
stituted  benzene  derivatives,  as  their  use  results  either  in  low  yield  (not  over  10-20«/c^  moreover  with  formation  of 
a  complex  mixturoof.oxidation  products)  or  in  high  oxidation  with  cleavage  of  the  aromatic  ring.  It  is  this  that 
explains  why  Rachinsky  and  Zelmanovich  drew  an  erroneous  conclusion  about  piperylene  dimer  structure:  they  had 
oxidized  the  dimer  dehydio;^'enatio!i  products  with  per  'nan^Tanate. 

Ozonization  of  dimer  (V)  gave  a  high  yield  of  a  mixture  of  the  known  stereoisomeric  l-methyl-2-carboxy- 
adipinic  acids  (XI)  and  (XII)  in  7:1  ratio 


CHj 


(7a) 


HOOC 
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Upon  heating  with  concentrated  hydrochloric  acid  at  150*,  the  low  melting  form  of  the  acid  (XII)  isomerizes 
into  the  high  melting  (XI),  which  was  also  obtained  by  ozonieation  of  the  trans-piperylene  addition  product  with 
acrylic  acid  [7] 


CH, 


,COOH 


The  fact  that  ozonization  of  dimer  (V)  yielded  a  mixture  of  stereoisomeric  acids  (KI)  and  (XII)  shows  that 
this  dimer  is  a  mixture  of  geometric  isomers  (Va)  and  (Vb)  in  a  ratio  of  approximately  7:1. 

Piperylene  dimerization  products  include  only  4-5%  dimer  (VI),  having  its  substituais  in  the  meu-position 
within  the  ring. 

The  boiling  point  of  this  dimer  is  only  a  few  degrees  higher  than  that  of  dimer  (V),  and  it,  therefore,  proved 
impossible  to  isolate  it  in  pure  form  even  lipon  repeated  fractional  distillation.  It  was  possible,  however,  to  con¬ 
centrate  dimer  (VI)  pretty  much  in  the  third  fraction,  b.p.  85.5-86*  (47  mm),  n^  1.4720. 

The  structure  of  dimer  (VI)  was  also  established  by  its  dehydrogenation  and  oxidation  of  the  dehydrogenation 
products  in  isophthalic  acid,  both  with  permanganate  and  with  dilute  nitric  acid  under  pressure 


CHj  CHa  COOH 
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Ozonization  of  the  third  fraction  (b.p.  85,5-86*  at  47  mm)  containing  dimer  (VI)  liberated  I-methyl-3- 
carboxyadipinic  acid  (XIII),  which  has  been  described  in  the  literature  [81  but  efforts  to  isolate  it  completely 
proved  unsuccessful  because  of  the  small  quantity  synthesized 


Dimers  (VII)  and  (VIII)  were  formed  upon  thermal  dimerization  of  piperylene  only  to  a  quantity  of  l-2<7o  of 
the  total,  but  it  proved  possible  to  concentrate  them  in  the  first,  low- boiling,  fraction,  b.p.  77-80*  (47  mm), 
n^  1.4625.  These  dimers  also  could  not  be  isolated  in  pure  form,  but  their  presenee  was  determined  beyond  question 
by  dehydrogenation .  and  oxidation  of  the  first  fraction,  and  also  by  the  ozonization  thereof;  this  resulted  in  the 
liberation  of  2-methyl- isophthalic  acid  (XIV),  which  has  been  described  in  the  literature  [9],  and  which  corresponds 
to  dimer  I  and  l,3-dimethyl-2-carboxyadipinic  acid  (XV),  corresponding  to  dimer  (VIII): 
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We  also  obtained  tricarboxylic  acid  (XV)  by  ozonization  of  the  transpiperylene  addition  product  with  croton - 
ic  acid  [5]: 
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Oxidation  of  dehydrogena  too  products  of  the  first  ftaction  with  dilute  nitric  acid  under  pressure,  yielded 
hemimelUtic  acid  (XVI),  which  also  substantiates  the  presence  of  dimers  (VII)  and  (VIII). 

The  eight- membered  cyclic  dimer,  piperylene  (IX)  was  obtained  as  the  fourth,  high  boiling,  fraction,  b.p. 
93-94*  (47  mm),  np  1.4825.  The  structure  of  this  dimer  was  revealed  by  ozonization,  which  gave  a  high  yield  of 
succimc  and  dimethylsucclnic  acids.  The  latter  was  also  obtained  in  its  meso-form,  m.p.  197-198*,  which  testi¬ 
fies  to  the  cis- position  of  the  methyl  groups  in  dimer  (IX): 


CHsCH, 
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(IS) 


CHs-CH— COOH  CHst-COOH 

I  I 

CH,-CH-COOH  CHj—CCCM 


Racemic  dimethylsuccinic  acid,  corresponding  to  dimer  (IX)  with  methyl  groups  in  trans- position,  and 
methylsuccinic  acid,  conesponding  to  dimer  (X)  do  not  appear  upon  ozonization,  and.  consequently,  these  com 
pounds  are  lacking  among  the  piperylene  dimerization  products. 
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Unlike  isoprene,  the  ratios  of  the  piperylene  dimers  do  not  depend  very  much  upon  dimerization  tempera¬ 
ture  in  the  140-240*  temperature  interval. 


EXPERIMENTAL 

Ordinary  piperylene  (b.p,  41-42.5*,  nfj  1.4320)  was  obtained  by  distillation  of  the  piperylene  fraction  result¬ 
ing  from  synthesis  of  divinyl  by  theS.  V.  Lebedev  method.  Trans- piperylene  was  obtained  by  isomerization  of 
sundaxd  piperylene  by  heating  it  with  iodine  [101  ^^d  showed  the  following  constants:  b.p.  41.5®,  nfj  1.4308 
(trans-form  content:  92<7o). 

Catalytic  dehydrogenated^  ’  piperylene  dimers  was  effected  in  a  glass  tube,  8-9  mm  diameter,  heated  by  an 
electric  heater  in  vertical  position.  Substance  was  placed  in  the  top  end  at  a  rate  of  4-5  drops  per  minute.  The 
catalyst  was  palladium  on  charcoal  (5-10‘%  palladium)  prepared  by  the  Linstead  method  [11].  The  layer  of  cata¬ 
lyst  in  the  tube  was  25-30  cm  high. 

Determination  of  Piperylene  Trans-Form  Content.  Synthesis  of  Piperylene  Adduct 
with  Maleic  Anhydride 

160  g  twice-sublimed'  maleic  anhydride,  0,1  g  picric  acid  were  taken,  to  which  136  g  standard  piperylene 
(b.p,  41-42.5*.  no  1.4320)  was  added  gradually  with  ice-water  cooling.  After  10  hours,  500  ml  toluene  was  added 
to  the  reaction  mixture,  which  was  then  heated  on  a  water  badi  at  50*  for  six  hours.  Upon  distillation  on  a  column 
at  atmospheric  pressure,  40  g  cis- piperylene  was  obtained,  b.p.  43*.  nJJ  1.4350.  After  the  piperylene  had  been 
driven  off,  the  toluene  was  vacuum  distilled,  and  the  residue  recrystallized  from  a  9:1  petroleum  ether  and  benzene 
mixture;  this  gave  210  g  adduct,  m.p.  60-61*,  correspnding  to  84  g  trans- piperylene. 

Thus,  standard  piperylene  contains  about  30%  of  the  cis-  and  70%  of  the  trans-isomer. 

Isomerization  of  Industrial  Piperylene  and  Determination  of  Content  of  Trans-Form 
in  the  Isomerized  Product 

10  g  codine  was  added  to  136  g  standard  piperylene.  The  iodine  was  dissolved  in  the  piperylene  upon  heat¬ 
ing.  The  solution  was  permitted  to  stand  overnight,  and  was  boiled  for  an  hour  the  next  day,  the  product  being 
distilled  on  a  column  of  20  theoretical  plates  at  atmospheric  pressure;  this  yielded  122  g  isomerized  piperylene, 
b.p.  41.5*.  nf5  1.4308. 

40  g  isomerized  piperylene  and  0.1  g  picric  acid  dissolved  in  200  ml  benzene  were  mixed  with  56  g  twice- 
sublimed  maleic  anhydride;  ice-water  cooling.  The  solution  was  permitted  to  stand  overnight  at  room  tempera¬ 
ture  and  was  then  boiled  6  hours,  with  a  reflux  condenser.  The  reaction  product,  when  distilled  in  a  column, 
yielded  1.5  g  cis-[)iperylene,  b.p.  43*,  n}5  1.4350.  All  the  benzene  was  then  vacuum  distilled,  and  the  residue 
recrystallized  from  a  mixture  of  benzene  and  petroleum  ether.  This  gave  89  g  adduct,  m.p.  60-61*.  The  trans- 
piperylene  content  in  the  isomerized  product  was  92%. 

Piperylene  Dimerization 

1)  90  g  trans- piperylene  (b.p.  41.5*.  nJ5  1.4308)  was  heated  in  a  steel  ampoule  in  presence  of  0.1  g  hydro- 
quinone  at  140*  for  10  hours.  Distillation  gave  52.5  g  unreacted  piperylene  (b.p.  41.5-42*)  and  15  g  dimers, 
b.p.  60-62  (20  mm),  n^^  1.4690, 

2)  40  g  trans- piperylene  was  heated  in  a  steel  ampoule  at  190*  for  2  hours.  Vacuum  distillation  gave  28  g 
(70%)  dimer  mixture,  b.p.  60-75*  (18  mm),  nf)  1.4680. 

3)  102  g  trans- piperylene  was  heated  in  a  steel  ampoule  at  240*  for  2  hours.  Vacuum  distillation  gave 
82  g  (80%)’piperylene  dimers.  b.^US."^*  (15  mA'),  nB  1.4692. 

4)  14  g  standard  piperylene  was  heated  in  a  steel  ampoule  at  190*  for  4  hours.  Vacuum  distillation  gave 
3  g  (22%)  dimer  mixture,  b.p.  60-72*  (18  mmX  nfj  1.4685. 

5)  2li6  g  standard  piperylene  and  a  crystal  of  iodine  were  heated  in  a  steel  ampoule  at  190*  for  4  hours. 
Vacuum  distillation  gave  10  g  dimers,  b.p.  60-75*  (18  mm),  n55  1.4680. 

360  g  mixture  of  trans- piperylene  dimers,  obtained  at  240*.  were  vacuum  distilled  at  47  mm  in  a  column 
of  70  theoretical  plates.  This  gave  the  following  major  fractions:  1st,  b.p.  77-80*,  nff  1.4625,  32  g;  2nd,  b.p. 
83.5*.  ng  1.4655,  230  g;  3td,  b.p.  85-86*,  ng  1.4720,  32  g;  4th,  b.p.  93-94*,  ng  1.4825,  19  g. 

The  first  haction  was  an  approximately  52lil  mixture  of  piperylenes  (V),  (VII),  (VIH),  Repeated  distilla¬ 
tion  of  this  fraction  failed  to  produce  (VII)  and  (VIU)  in  pure  form. 
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The  second  fraction  (dj®  0.8360)  consisted  of  piperylene  dimer  (V)  with  a  small  admixture  (about  5<%)  of 
meta-isomer  (VI). 

Found  ojn  C  87.89.  87.99;  H  12.10.  11.93.  Calculated  C  88.16;  H  11.75. 

The  third  fraction  consisted  of  an  apptoximate  4:1  mixture  of  piperylene  dimers  (V)  and  (VI). 

RedlstUlatlon  of  this  fraction  failed  to  isolate  meta-isomer  (VI)  in  pure  form. 

Found  oJk  C  88.10.  88.14;  H  12.03,  11.99.  CuHj,.  Calculated  C  88.16;  H  11.75. 

The  fourth  fraction  consisted  chiefly  of  the  eight-membered  cyclic  piperylene  dimer  (IX).  Upon  redistilla¬ 
tion  on  a  column  this  dimer  was  readily  obtained  in  pure  form.  b.p.  81.5*  (33  mm),  nfj  1.4860.  d^  0.8749. 

Found  o/o:  C  87.95.  88.10;  H  12.10,  11.94.  Ci,Hu.  Calculated*^  C  88.16;  H  11.75. 

Dehydrogenation  and  oxidation  of  Fraction  1 .  5.2  g  of  the  first  fraction  (b.p.  77-80*  at  47  mm)  was  dehydro¬ 
genated  over  10<^  palladium  on  charcoaldt  330-335*  for  five  hours.  This  yielded  3.4  g  dehydrogenation  products, 
b.p.  165-175*,  ng  1.4910. 

a)  1.6  g  dehydrogenation  products  were  heated  with  300  ml  5<7o  permanganate  solution  at  80*  for  6  hours. 

The  permanganate  excess  was  decolorized  with  methanol,  the  precipitated  manganese  dioxide  filtered  off,  and  the 
filtrate  evaporated  to  Its  initial  volume.  The  hot  solution  was  acidified  with  12  ml  concentrated  sulfuric  acid, 
and.  after  cooling,  was  extracted  4  times  with  ethyl  acetate  (200  ml  all  told).  The  solvent  was  driven  off,  and  the 
residue  recrystallized  from  hot  water.  This  yielded  0.2  g  2-methyl-isophthalic  acid  (XIV),  m.p.  227-228*,  which 
gave  no  depression  with  a  known  sample. 

b)  1.6  g  dehydrogenation  products  were  oxidized  by^O  ml  30*^  nitric  acid  under  40  atms  nitrogen  pressure 
at  170-200*  for  3  hours.  The  solution  of  oxidation  products  was  evaporated  to  dryness,  and  the  resultant  mixture 
of  acids  (1.4  g)  dissolved  In  25  ml  hot  10<7o  hydrochloric  acid,  a  solution  of  0.5  g  calcium  chloride  in  25  ml  10<7o 
hydrochloric  acid  being  added  to  the  hot  solution.  Upon  cooling  6i  the  solution,  0.5  g  of  the  potassium  salt  of 
hemimelUtic  acid  came  down,  which  was  filtered  off  and  dissolved  in  3  ml  concentrated  ammonia  solution.  The 
solution  was  boiled  on  a  water  bath  until  the  ammonia  odor  disappeared,  whereupon  3  ml  water  was  added,  and  a  so¬ 
lution  of  0.25  g  barium  chloride  in  3  ml  water  was  poured  into  the  hot  solution.  The  precipitated  barium  salt  was 
separated  off  washed  with  2  ml  of  water.  To  the  precipitated  Ba  salt  was  added  20  ml  of  5<%  sulfuric  acid,  and 

the  mixture  was  boiled  for  1  hour.  The  resulting  barium  sulfate  was  filtered  out  of  the  hot  solution  and  washed 
with  10  ml  of  hot  water.  The  filtrate  and  the  wash  waters  were  merged  and  evaporated  to  dryness.  After  recrys- 
talUzation  from  10*%  hydrochloric  acid,  0.3  g  hemimelUtic  acid  (XVI)  was  obtained,  m.p.  196-197*,  which  gave 
no  depression  combined  with  a  known  sample, 

After  the  hemimelUtic  acid  |>otassium  salt  was  removed,  the  filtrate  was  evaporated  to  dryness,  and  the 
residue  extracted  with  absolute '.alcohol.  The  alcohol  was  driven  off,  and  tiie  residue  recrystallized  from  hot 
water.  This  yielded  0.9  g  o-phthalic  acid.  m.p.  190-191*,  corresponding  to  dimer  (V),  and  this  gave  no  depression 
with  a  known  sample  of  phthalic  acid. 

Ozonization  of  the  first  fraction.  3  ml  of  the  first  fraction.dissolved  in  50  ml  90<fo  acetic  acid,  was  ozonized 
at  0*  for  6  hours  (6«7o  ozone  concentration).  12  ml  70%  peracetic  acid  was  added  to  the  ozonide  solution,  and  the 
mixture  heated  to  60-65*  for  12  hours.  The  acetic  acid  and  fhe'.peraceti.c  acid  excess  were  driven  off  in  vacuum. 
This  gave  an  oil.  which  crystallized  after  lengthy  washing  in  20%  hydrochloric  acid.  After  recrystalUzation  from 
5%  hydrochloric  acid,  this  gave  2  g  acid  (XI),  m.p.  175-176*,  which  gave  no  depression  with  a  known  sample.  In 
addition,  0.1  g  acid  (XV)  was  obtained,  m.p.  178-180*,  giving  no  depression  with  a  sample  of  1,3- dime thyl-2- 
carboxyadipinic  acid  (m.p.  182-183*)  (obtained  by  ozonization  of  the  trans-piperylene  adduct  with  trans-crotonic 
acid). 

A  mixed  sample  of  these  substances  melted  at  178-182*.  Mixture  of  acids  (XI)  and  (XV)  gave  a  depression 
of  melting  point,  and  melted  at  143-185*. 

Dehydrogeiutlon  and  oxidation  of  the  second  fraction.  10  g  second  firaction  (b.p.  83.5*  at  47  mm)  was  de¬ 
hydrogenated  over  5%  palladium  on  charcoal  at  320*  for  10  hours.  This  gave  7.2  g  dehydrogenation  products,  b.p. 
175-180*,  ng  1,4890. 

a)  2.8  g  dehydrogenation  products  were  oxidized  by  means  of  50’ ml  20%  nitric  acid  at  25  nitrogen  atm  pres¬ 
sure  and  170-200*  in  4  hours. 

After  condensation  in  vacuum  of  the  oxidation  products  .solution  and  crystallization  of  the  residue  (2.6  g) 
from  hot  water,  2.3  g  o-phthalic  acid,  m.p.  190-191*  was  obtained,  which  gave  no  depression  of  melting  point 
with  a  known  sample.  The  anilide  of  this  acid  melted  at  208*  and  also  gave  no  depression  with  a  known  sample 
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of  0-phthalic  acid  anilide.  Further,  this  experiment  also  yielded  0.1  g  isophthalic  acid,  m.p.  330-335*,  the  dimethyl 
ester  of  which  melted  at  64-65*  and  gave  no  depression  with  a  known  sample. 

b)3gdehyViro.ieriatjonprodu<ns  were  boiled,  with  a  reflux  condenser,  in  25  ml  35%  nitric  acid.  The  resultant 
oil  was  extracted  with  a  10%  sodium  hydroxide  solution,  the  alkaline  extract  was  acidified  with  20%  hydrochloric 
acid,  and  the  solution  extracted  with  ether.  Afterrthe  ether  was  driven  off  and  the  residue  redistilled,  this  yielded 
0.05  g  o-phthalic  acid,  m.p.  190-192*,  which  gave  no  depression  with  a  known  sample. 

0)1  g  dehyilro/enati  on  products  were  ac.dified  by  a  solution  of  10  g  permanganate  and  0.5  g  potassium  hydroxide 
in  300  ml  water  at  90*  for  8  hours.  The  permanganate  excess  was  decolorized  with  methanol,  the  precipitated 
manganese  dioxide  filtered  off.  and  the  filtrate  condensed  to  half  its  volume.  The  solution  was  acidified  with  con¬ 
centrated  hydrochloric  acid  and  then  extracted  with  ether.  The  ether  was  driven  off,  and  the  residue  recrystallized 
from  water.  This  gave  0.05  g  isophthalic  acid,  m.p.  320-330*,  the  dimethyl  ester  of  which  melted  at  64-65*  and 
gave  no  depression  with  a  known  sample, 

Ozonizaiion  of  the  second  fraction.  4  g  second  fraction  dissolved  in  50  ml  95%  acetic  acid  was  ozonized 
at  0*  for  8  hours  (6%  ozone  concentration),  A  mixture  of  10  ml  30%  hydrogen  peroxide,  30  ml  acetic  acid  and 
0.5  ml  concentrated  sulfuric  acid  was  added  to  the  ozonide  solution.  The  solution  was  heated  at  55-75*  for  10 
hours,  whereupon  another  10  ml  2QPJo  hydrogen  peroxide  was  added,  and  heating  continued  another  5  hours.  After 
addition  of  1.5  g  sodium  acetate  the  solution  was  vacuum  cbaidensed  to  dryness.  The  dry  residue  was  extracted 
with  absolute  alcohol,  and  2.7  g  acid  mixture  was  obtained  after  the  alcohol  was  driven  off;  crystallization  of  the 
mixture  from  10%  hydrochloric  acid  gave  2  g  of  the  high  boiling  form  of  l-methyl-2-carboxyadipinic  acid  (XI), 
m.p,  176-177*,  which  gave  no  depression  with  a  known  sample  obtained  from  the  ozonization  of  the  trans-piperyl- 
ene  adduct  with  acrylic  acid.  Also  obtained  was  0,3  g  of  the  low  boiling  form  of  l-methyl-2-carboxyadipinic  acid 
(XII),  m.p.  140-141*,  also  giving  no  depression  with  a  known  sample  [8]. 

Isomerization  of  acid  (XII).  0,2  g  acid  (XII),  m.p,  140-141*  was  heated  in  a  sealed  tube  with  10  ml  con¬ 
centrated  hydrochloric  acid  at  150*  for  5  hours.  This  yielded  0.1  g  acid  (XI),  m.p.  175-176*,  which  gave  no  de¬ 
pression  with  a  known  sample. 

Hydrogenation  of  Fraction  II.. ....  20  g  Fraction  II  was  hydrogenated  in  presence  of  platinum  oxide.  6.3 

liters  hydrogen  was  absorbed  (theoretically  6.5  liters).  The  catalyst  was  filtered  off,  and  the  residue  distilled.  This 
yielded  17  g  of  a  mixture  of  geometric  isomers  of  1- methyl -2- propylcyclohexane,  b.p.  173.5-175*,  n{5  1.4412. 

Dehydrogenation  of  Fraction  III  andoxidatLonof  dehydro.enaiion  pradifcts.6.0g  Fraction  111  (b.p.  85-86*  at47  mm 
was  dehydrogenated  .u  ,  over  10%  palladium  on  coal  at  325-330*  in  the  course  of  6  hours.  This  gave  4.3  g  dehydra¬ 
tion  products,  b.p.  160-175®,  nf)  1.4920, 

a) 1.6g  dehydrogenation  products  were  boiled  with  a  solution  of  15  g  permanganate  and  1.5  g  potassium  hydr¬ 
oxide  in  300  ml  water,  for  15  hours.  The  permanganate  excess  was  decolorized  with  methanol,  and  the  manganese 
dioxide  filtered  off  from  the  hot  solution.  The  filtrate  was  condensed  to  Vs  its  initial  volume,  acidified  with  6  ml 
concentrated  sulfuric  acid  and  thrice  extracted  with  ethyl  acetate.  After  the  ethyl  acetate  was  driven  off,  this 
gave  0.3  g  isophthalic  acid,  m.p,  330-335*,  the  dimethyl  esier  of  which  melted  at  64-65*.  and  gave  no  depression 
with  a  known  sample. 

b) ^.7  ’  dehydrogenation  products  were  heated  with  60  ml  20%  nitric  acid  at  180‘-200*  under  30  atril  hitrogen 
pressure  for  4  hours.  The  solution  was  evaporated  to  dryness,  and  the  residue  crystallized  from  hot  water.  This 
yielded  2.2  g  o-phthalic  acid,  m.p.  190-191*,  giving  no  depression  with  a  known  sample.  The  anilide  of  the 
acid  melted  at  208*  and  also  gave  no  depression  with  phthalic  acid  anilide.  Also  obtained  was  0.4  g  isophthalic 
acid  m.p,  328-335*.  di  i  1  ester  of  wliich  melted  at  04-65*  and  gave  no  depression  with  a  known  sample. 

Ozonization  of  Fraction  HI.  1,6  g  of  the  third  fraction  was  ozonized  in  a  solution  of  28  ml  90% 

acetic  acid  at  0*,  for  4  hours.  10  ml  30%  hydrogen  peroxide,  30  ml  acetic  acid  and  0.5  ml  concentrated  sulfuric 
acidvere  added  to  the  ozonide  solution,  and  the  mixture  was  heated  for  12  hours  at  65-75*.  After  the  addition  of 
1  g  sodium  acetate,  it  was  evaporated  to  dryness,  the  residue  extracted  with  dry  ethanol,  and  after  vacuum  distilla¬ 
tion  of  the  ethanol  it  was  recrystallized  from  10%  hydrochloric  acid.  This  yielded  0.5  g  of  the  high  melting  form 
of  1- methyl -2-carboxyadipinic  acid  (XIX  ni.p,  176-177*,  which  gave  no  depression  with  a  known  sample.  Also 
obtained  was  0.1  g  acid,  m.p.  148-150*  (with  decomposition)  apparently  consisting  of  l-methyl-3-carboxyadipinic 
acid  (XIII),  which  it  proved  impossible  to  purify  because  of  the  small  quantity  available  (m.p.  158*  according  to 
the  literature).  This  acid  gave  a  30*  melting  point  depression  with  the  acids  described  above  (XI)  and  (XII).  0.1  g 
acid  (XIII)  (m.p.  148-150*)  was  heated  in  an  ampoule  with  8  ml  concentrated  hydrochloric 'acid  at  150*  for  2  hours. 
This  gave  0.04  g  acid,  m.p.  130-134*,  which  was  not  subjected  to  further  study. 
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Ozonization  of  the  fourth  fraction.  3.2  g  fourth  fraction  (b.p.  81,5*  at  33  mm)  was  ozonized  in  a  50  ml 
90<7o  acetic  acid  solution  at  0*  for  6  hours  (ozone  concentration  &%),  12  ml  70%  peracetic  acid  was  added  to  the 
ozonide  solution,  and  the  mixture  was  heated  at  65~76’‘  for  10  hours.  The  solution  was  vacuum  condensed  until 
dry,  and  the  residual  (3.14  g)  acid  mixture  was  crystallized  from  hot  water.  This’yielded  1.4  g  meso’'dimethyl^ 
succinic  acid,  m.p.  197-198*  (rapid  melting,  accompanied  by  decomposition),  which  gave  no  depression  with  a 
known  sample.  Methylsuccinic  acid,  and  racemic  dimethylsuccinic  acid  did  not  appear  in  the  aqueous  mother 
liquors. 

Dehydrogenation  and  Oxidation  of  a  Mixture  of  Piperylene  Dimers  Obtained  at  240“ 

6  g  dimer  mixture  (b.p.  52-59*  at  15  mm,  nf5  1.4692)  was.  pa^d  over  5%  palladium  on  charcoal  at  310* 
for  4  hours.  Yield  4.5  g  dehydrogenation  -  products,  b.p.  160-170*,  n|B  1.4925.  1.5  g  of  these  dehydrogenation  products 
was  oxidized  with  25  ml  20%  nitric  acid  at  200*  for  3  hours  under  20  atm  nitrogen  pressure. 

After  condensation  of  the  solution  and  recrystallization  of  the  residue  from  hot  water,  this  yielded  1.2  g 
o-phthalic  acid,  m.p.  190-191*,  which  gave  no  depression  with  a  known  sample,  and  0.10  g  isophthalic  acid,  m.jj 
328- 333*.  the  dimethyl  ester  of  which  melted  at  64-65*  and  also  gave  no  depression  when  mixed  with  a  known  sam¬ 
ple. 

Dehydrogenation  and  Oxidation  of  Piperylene  Dimer  Mixture  Obtained  at  140*. 

5  g  dimer  mixture  (b.p.  60-62*  at  20  mm)  was  passed  over  5%  palladium  on  charcoal  at  320*  in  3  hours. 

Yield,  2  g  dehydrogenation  pioducte  (b.p.  160-175*,  np  1.4900),  which  were  oxidized  by  means  of  48  ml  20% 
nitric  acid  under  20  atm  nitrogen  pressure  for  3  hours  at  180-200*.  After  evaporation  of  the  solution  and  re¬ 
crystallization  of  the  residue  from  hot  water,  1.3  g  o»-phthalic  acid,  m.p.  190-191*  was  obtained,  which  gave  no 
depression  with  a  known  sample.  In  addition,  0.06  g  isophthalic  acid,  m.p.  333-335*  was  obtained,  the  dimethyl 
ester  of  which  melted  at  64-65*  and  also  gave  no  depression  with  a  known  sample. 

SUMMARY 

The  thermal  dimerization  of  trans- piperylene  at  140,  200  and  240*  was  studied;  it  was  shown  that  this  re¬ 
sulted  in  the  formation  of  a  complex  mixture  of  dimers,  containing  90%  of  the  ortho-isomer  (VX  4-5%  of  the  meta¬ 
isomers  (VI),  1-2%  of  the  adjacent  isomers  (VII),  (VIII)  and  3-4%  of  the  S-membered  cyclic  dimer  (IX), 

The  six-membered  dimer  (V)  takes  the  form  of  a  mixture  of  two  gecunetric  isomers  (Va)  and(Vb),  in  which 
the  first  predominates  overwhelmingly  (cis-position  of  the  methyl  and  propenyl  groups).  The  8-membered  dimer 
(IX)  is  synthesized  only  in  one  geometric  form,  with  the  methyl  groups  in  cis-position. 

The  other  possible  8-membered  structural  isomer  (X)  does  not  come  into  being  at  all. 

As  distinct  from  the  case  of  isoprene,  the  temperature  at  which  dimerization  is  performed  has  no  serious 
effect  upon  the  ratio  of  the  six-membered  cyclic  dimers  of  trans-piperylene. 
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INVESTIGATIONS  IN  THE  FIELD  OF  UNSATURATED  CYCLIC  HYDROCARBONS 

AND  THEIR  HALOGEN  DERIVATIVES 

XVn.  CYCLOOCTYNE 

N,  A.  Domnin  and  T.  D.  Malysheva 


In  1938  one  of  us  [1]  in  studying  the  action  of  metallic  sodium  on  l-chloro-2-bromo-l-cyclooctene  in  anhydr¬ 
ous  ether  in  sealed  tubes  obtained  a  hydrocarbon,  which,  from  the  results  of  studying  its  composition,  its  physical 
and  chemical  properties  and  a  proof  of  its  structure,  corresponded  to  cyclooctyne.  At  the  time  we  had  to  limit  our¬ 
selves  to  only  chemical  methods  for  proving  the  structure  of  the  hydrocarbon  (oxidation  and  ozonolysis),  which.as 
was  shown  later  [2\  proved  to  be  insufficiently  convincing  and  inadequate. 

In  1947  a  study  of  the  obtained  hydrocarbon  was  resumed,  and  together  with  T.  D.  Malysheva,  we  obtained 
';the  Raman  spectrum.  ••  •  .  The  frequencies  of  the  lines  found  in  this  spectrum  are  given  in  the  table. 


TABLE' 


Frequencjr 

Intensity 

Frequency 

Intensity 

150 

(2) 

1076 

(2) 

198 

(2) 

1238 

(4) 

243 

(4) 

1270 

(7) 

365 

(3) 

1332 

(5) 

475 

(1) 

1445 

(10) 

586 

(1) 

1614 

(1) 

705 

(5) 

1634 

(4) 

747 

(2) 

1653 

(5) 

768 

(4) 

2112 

(4) 

857 

(1) 

2932 

(10) 

908 

(3) 

2971 

(10) 

966 

(3) 

3050 

m 

1000 

(1) 

3133 

(10) 

1038 

(1) 

The  presence  in  the  spectrum  of  line  2112  cm"^  definitely 
indicates  the  presence  of  a  triple  bond  in  the  smdied  hydrocarbon. 
But  the  presence  of  lines  1614  (IX  1634  (4)  and  1653  (5),  charac¬ 
teristic  for  the  double  bond,  apparently,  is  evidence  that  the  in¬ 
vestigated  hydrocarbon  is  not  homogeneous,  but  instead  that  it 
is  a  mixture,  consisting  at  least  of  a  hydrocarbon  with  a  triple 
bond  and  a  hydrocarbon  with  a  double  bond,  and  possibly,  of 
even  a  greater  number  of  hydrocarbons. 

After  these  studies  about  1.5  g  of  the  hydrocarbon  (h.p. 
72-76*  at  100  mm,  n^  1.463,  0.844)  was  oxidized  with  potas¬ 

sium  permanganate  by  L.  I.  Yarmolitska;  on  doing  this,  suberic 
acid  was  obtained  in  excellent  yield. 

These  results  permit  making  the  assumption  that  the  hydro¬ 
carbon  mixture,  obtained  in  the  action  of  metallic  sodium  on 
l-chloro-2-bromo-l-cyclooctene,  consists  of  cyclooctyne  and 
cyclooctene,  the  latter  being  capable  of  existing  in  the  cls- 
and  trans-forms.  It  is  possible  that  other  substances  are  also 
present  in  the  mixture. 


In  1953  Blomquist  and  Liang  Huang  Liu  [2]  published  a  paper  in  which  they  also  synthesized  cyclooctyne. 
After  chromatographic  purification,  they  isolated  cyclooctyne  in  the  pure  form  and  proved  its  structure  by  way  of 
infra  -red  spectral  analysis  (IR  spectrum  4.53  mp),  ozonolysis,  hydrogenation,  and  hydration. 

Consequently,  as  it  follows  from  our  investigations  and  the  more  detailed  studies  of  Blomquist  and  Liang 
Huang  Liu,  the  ability  for  cyclooctyne  to  exist  was  demonarated. 


At  the  time  we  failed  to  publish  this  additional  and  new  data  on  cyclooctyne  for  the  reason  that  we  con¬ 
sidered  it  necessary  to  study  the  problem  further. 

We  wish  to  express  our  deep  gratitude  to  M.  V.  Volkenshtein  for  making  the  spectroscopic  studies  possible. 


LITERATURE  CITED 

[1]  N.  A.  Domnin,  J.  Gen.  Chem.,  8,  851  (1938). 

[2]  A.  T.  Blomquist,  Liang  Huang  Liu,  J.  Am.  Chem.  Soc.,  75,  2153  (1953). 
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CHEMICAL  STRUCTURE  AND  P ARASITICID AL  ACTIVITY 


XV.  QUINOLINE  DERIVATIVES  WITH  THE  SIDE  CHAIN  CYCLIC  SUBSTITUENTS  CONNECTED  TO  THE 
NUCLEUS  AT  THE  4 -POSITION  THROUGH  THE  NH  GROUP 

V.  I.  Stavrovskaya 


The  replacement  of  the  aliphatic  diamine  in  acridine  antimalarial  compounds  ly  benzyldiethylamines  led  to 
substances,  the  activity  of  which  approaches  the  activity  of  atebrin,  exceeding  it  by  several  times  in  isolated  cases 

[1] ,  The  biological  data  on  the  synthesized  acridine  compounds,  and  also  the  conclusions  of  Magidson  and  Rubtsov 

[2] ,  showing  that  in  the  transfer  of  the  side  chain  from  the  8-position  of  6-methoxy-8-aminoquinoline  to  the  4-posi¬ 
tion  there  is  observed  an  increase  in  the  schizotropic  and  a  loss  in  gamotropic  properties,  setVed  as  a  base  for  the 
synthesis  of  quinoline  derivatives  with  the  side  chain  cyclic  substituents  cotmected  to  the  nucleus  at  the  4-posi¬ 
tion  through  the  NH  group. 

For  the  synthesis  of  these  compounds  only  those  aromatic  amines  were  used  that,  on  being  introduced  into 
the  acridine  nucleus,  gave  substances  possessing  clearly  defined  antimalarial  activity.  The  compounds  synfiiesized 
by  us  are  given  in  the  table.  The  structure  of  7-chloro-4-(3’-diethylamlnomethylidienyl)-aminoquinoline  (I)  was 
further  varied  by  the  introduction  of  hydroxy  and  methoxy  groups  (II,*  IE). 

As  in  the  case  of  the  acridine  nucleus,  we  tried  to  increase  the  antimalarial  activity  by  the  introduction  of 
a  second  diethylaminomethylene  group  in  the  ortho- position  to  the  hydroxyl  and  the  meta- position  to  the  NH 
group  (V).  It  should  be  mentioned  that  compoimds  of  this  type  are  not  disclosed  in  the  literature.  In  addition, 
we  synthesized  two  compounds  with  side  chain  cyclic  substituents  that  had  been  obtained  by  us  in  the  synthesis 
of  2-hydroxy-5-nitrobenzyldiethylamine  and  in  the  elucidation  of  its  structure  (IV,  VI). 

The  synthesis  of  quinoline  compounds  with  side  chain  cyclic  substituents  was  accomplished  by  three  methods: 
1)  by  heating  4,7-dichloroquinoline  with  an  aromatic  amine  at  160-180*  (I,  IE);  2)  by  heating  4,7-dichloroquinol- 
ine  and  the  proper  amine  in  weakly  acid  medium  for  2  hours  (IL  IV,  V,  VI);  3)  via  the  Mannich  reaction  from  7- 
chloro-4-(4'-hydroxyiAenyl)-aminoquinoline,  formaldehyde  and  the  proper  aromatic  amine  [5].  The  most  general 
and  convenient  method  is  the  second^ heating  of  4,7-dichloroquinoline  with  the  aromatic  amine  in  weakly  acid 
medium.  The  compounds  are  obtained  pure  and  in  excellent  yield.  On  cooling  the  reaction  mass,  some  of  the 
compounds  crystallize  out  as  the  hydrochlorides.  However,  for  those  compounds  in  which  a  hydroxy  group  is  pre¬ 
sent  in  the  side  chain  cyclic  substituent,  the  most  convenient  is  the  third  method  —  the  Mannich  reaction.  In  this 
case  there  is  no  need  to  separately  synthesize  the  complex  aromatic  amines;  7-chloto-4-(4’-hydroxyphenyl)amino- 
quinoline  is  readily  obtained  in  quantitative  yield.  If  molal  amounts  of  all  of  the  components  are  taken  in  the 
Mannich  reaction,  then  the  compound  formed  is  one  in  which  one  hydrogen  atom  has  been  replaced  by  the  dlethyL“ 
aminomethylene  group.  Accompanying  this  compound  in  very  smaE  amounts  is  the  compound  in  which  both  hydro¬ 
gen  atoms,  found  in  the  ortho- position  to  the  hydroxyl,  have  been  replaced  by  diethylaminomethylene  groups  (V), 

If  for  the  reaction,  a  double  amount  of  formaldehyde  and  a  considerable  excess  (5-8  times)  of  diethylamlne  are 
taken,  then  a  mixture  of  substances  is  obtained,  consisting  for  the  most  part  of  the  second  compound  and  only  a 
very  small  amount  of  the  first. 

The  mixture  of  mono-  and  dibasic  Mannich  bases  obtained  in  the  Mannich  reaction  was  separated  by  the 
method  developed  by  us,  based  on  the  different  solubiUty  of  these  compounds  in  ether.  While  the  dibasic  com¬ 
pound  is  readily  soluble  in  ether,  the  monobasic  compdnnd  is  practically  insoluble  in  ether.  The  reason  for  this 
is  apparently  inner  salt  formation  between  the  acidic  hydroxyl  group  and  the  basic  N(QI^  gtoup.  The 

dibasic  compound  also  suffers  a  similar  reaction,  but  the  presence  of  a  second  diethylaminomethylene  group  conl- 
municates  a  more  basic  character  to  the  compound.  The  observed  difference  in  the  solubilities  of  the  mono-  and 
dibasic  Mannich  compounds  proved  to  be  extremely  important,  inasmuch  as  it  permitted  us  to  separate  with  com¬ 
parative  ease  the  highly  active  dibasic  compounds  from  the  less  active  monobasic  Mannich  compounds. 

The  Mannich  bases  of  the  synthesized  quinoline  compounds  with  side  chain  cyclic  substituents  are  light  yellow 

*  E  was  synthesized  abroad  earUer  (Samoquin  [3]X  however,  we  prepared  the  compound  before  the  appearance  of 
the  papers  on  its  methods  of  synthesis  [4], 
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ill 


Prepara - 
tion  No. 


Formula 


Mcltin;.;  point _ _ 

base _ .  hydrochloride 


I 


II 


IV 


V 


VI 


I 

I 

i 


I 


MH— 


<(  \-OCUs 


CH,  CH, 


158*  ‘  126-128* 

i 


207  183-184 


201-202  198-199 

(decomp.) 


177 


Oxalate 
198  (decomp.) 


160-162 


Oxalate 

154-155 

(decomp.) 


Picrate 

162-164 

(decomp.) 


solids.  They  are  soluble  in  alcohol,  benzene,  acetone,  and  dilute  acids;  insoluble  in  water  and  dilute  alkalis.  As 
a  rule,  the  hydrochlorides  are  yellow  and  readily  soluble  in  water. 

When  the  synthesized  compounds  were  tested  on  P.  relictum  infection  in  siskins  and  linnets,  all  of  them  were 
shown  to  possess  schizotropic  activity.  In  the  order  of  their  antimalarial  activity  the  synthesized  compounds  can 
be  arranged  as  follows:  V  is  3-4  times  as  active  as  chloroquine  and  10  times  as  active  asratebrin;  its  toxicity  is 
below  that  of  chloroquine  and  close' to’ that  6f  atebtlri;  It  is  approxiriihtely'eqiial  to’chloroqmrle  in  activity  a.id  is  3 
times  as  active  as  atebiin;  its  toxicity  is  below  that  of  chloroquine,  i:Ios^to  the  toxicity  of  atebrin;  III  a;id  VI  are 
close  to  atebri:i  in  activity,  while  their  toxicity  is  below  that  of  the  latter;  in  the  case  of  I  and  IV,  both  the  activity 
and  toxicity  are  below  that  of  atebrin.  . . .  -  . 

As  a  result,  in  quinoline  compounds  the  same  relationship  exists  between  antimalarial  activity  and  chem¬ 
ical  structure  as  was  found  to  hold  true  in  the  case  of  the  acridines,  namely:  the  replacement  of  the  side  aliphatic 
"chain"  by  m-aminobenzyldiethylamine  and  its  derivatives  leads  to  highly  active  schizotropic  substances;  the  t 
toxicity  of  all  of  the  compounds  is  below  the  toxicity  of  chloroquine.  The  antimalarial  activity  is  clearly  mani¬ 
fested  when  m-aminobenzyldiethylamine  is  present  as  a  side  chain  substituent.  Methoxy  and  hydroxy  groups, 


314 


introduced  in  the  para- position  to  the  NH  group,  increase  diis  activity.  In  contrast  to  acridine  compounds,  the 
introduction  of  a  second  diethylamino  group  in  the  ortho- position  to  the  hydroxyl  sharply  augments  the  antimalar- 
ial  activity  when  compared  wifli  die  compound  in  which  only  one  diethylamino  group  is  present. 

We  wish  to  thank  Prof.  Sh.  D.  Moshkovsky  and  S.  A.  Syrkina  for  making  the  biologickl  studies. 

EXPERIMENTAL 

7-Chlotor4-(3'  -  die  thy  la  mi  no  me  thy  lphenyl)amino  quinoline  (1) 

A  mixture  of  4,7-dichloroquinoline  (2  g)  and  m-aminobenzyldiethylamine  (2  g)  was  heated  in  an  oil  bath 
at  160-180*  for  18  hours.  The  obtained  solid  product  was  dissolved  in  50<^  acetic  acid,  filtered,  and  made  alkaline 
with  a  10%  sodium  hydroxide  solution.  The  deposited  viscous*  dark  brown  base  was  extracted  widi  ether.  The 
ether  solution  was  washed  with  water  and  then  dried  over  potash.  After  distilling  off  the  ether  there  remained  3.6  g 
of  dark  red  viscous  liquid,  which  gradually  began  to  crystallize.  The  compound  was  purified  by  recrystallization 
from  acetone  and  from  benzene- petroleum  ether  mixture.  Needles,  m.p.  158*.*The  base  is  a  light  yellow  com¬ 
pound;  extremely  soluble  in  alcohol,  acetone  and  benzene,  readily  soluble  in  ether,  pdorly  soluble  in  petroleum 
ether,  insoluble  in  water;  easily  soluble  in  dilute  acids. 

4.890  mg  sub.:  0*539  ml  N2  (19*,  738  mm).  4.543  mg  sub.:  0.510  ml  N*  (19*.  729  mm).  Found  %; 

N  12.51,  12.59.  CjbHejNjCI.  Calculated  %:  N  12.37. 

The  hydrochloride  is  colorless.  Recrystallized  from  anhydrous  alcohol  with  the  addition  of  ether.  M.p. 
126'^128*.  Readily  soluble  in  water. 

4.800  mg  sub.:  0.402  ml  N2  (25*,  748  mm).  4.515  mg  sub.;  0.382  ml  N2  (25*,  751  mm).  Found  %:  N  9.44. 
9.58.  C2oH24NsC1s*2H20.  Calculated  %:  N  9.36. 

7-Chloio-4-(3'  -  die  thy  la  mi  no  me  thy  1-4*  -  hydroxyphenyl)a  mi  noquinoline  (II) 

2- Hydroxy- 5-ace taminobenzyldiethylamine  (2.36  g)  was  boiled  with  20%  hydrochloric  acid  (5  ml)  for  1 
hour.  The  cooled  liquid  was  neutralized  with  10%  sodium  hydroxide  solution,  after  which  the  solution  was  made 
weakly  acid  by  the  addition  of  concentrated  hydrochloric  acid.  Then  4.7-dichloroquinoline  (2  g)  was  added,  and 
the  reaction  mass  was  heated  on  the  boiling  water  bath  for  2  hours.  After  cooling,  die  viscous  yellow  brown  liquid 
was  made  alkaline  with  aqueous  ammonia,  and  the  obtained  greenish  gray  solid  was  extracted  with  chloroform. 

The  chloroform  solution  was  washed  with  water  and  then  dried  over  poush.  Part  of  the  chloroform  was  removed 
by  distillation,  after  which  alcdiolic  hydrochloric  acid  was  added  to  the  residue.  The  resulting  hydrochloride 
separated  as  an  oih  which  congealed  on  rubbing.  Yield  3.6  g  (80%).  Recrystallized  from  aqueous  acetone  as  thin 
needles,  m.p.  183-184*. 

The  yellow  hydrochloride  is  extremely  soluble  in  water  and  alcohol,  insoluble  in  ether  and  acetone. 

3.396  mg  sub.:  0.294  ml  N2  (27*.  743  mm).  4.810  mg  sub.;  0.412  ml  N2  (25*.  743  mm).  Found  %: 

N  9.63,  9.59.  QoHziCfeNjCls  •  HjO.  Calculated  %c  N  9.41. 

The  base,  obtained  from  the  hydrochloride  by  treatment  with  aqueous  ammonia,  was  recrystallized  from 
anhydrous  alcohol.  Fine  pale  yellow  needles,  m.p.  207*.  Readily  soluble  in  alcohol,  ether  and  acetone,  in¬ 
soluble  in  water;  easily  soluble  in  dilute  acids,  insoluble  in  alkalis.  With  ferric  chloride  gives  a  brown  colora¬ 
tion. 

2.193  mg  sub.:  0.235  ml  N2  (27*.  743  mm).  4.007  mg  sub.:  0.431  ml  N2  (25*,  743  mm).  Found  %: 

N  11.92,  12.04.  C20H22ON3CI.  Calculated  %:  N  11.81. 

7-Ch-loro-4-(3'  -  die  thy  la  mlno  me  thy  1-4*  -  me  thoxyphenyl)am  in  oqui  noline  (III) 

2-Methoxy-5-aminobenzyldiethylamine  (2.5  g)  and  4,7-dichloroquinoline  (2.3  g)  were  heated  in  an  oil 
bath  at  160-170*  for  12  hours.  The  cooled  solid  product  was  dissolved  in  20  ml  01  50%  acetic  acid,  filtered, 
and  alkalized  with  a  10%  sodium  hydroxide  solution.  The  obtained  base  was  filtered  and  washed  with  water. 

Yield  4.1  g  (87%).  Recrystallized  from  heptane;  tiny  needles,  m.p.  201-202*.  The  light  yellow  base  is  soluble 
in  alcohol,  acetone  and  ether,  insoluble  in  water  and  dilute  alkali;  easily  soluble  in  dilute  acids. 

2.012  mg  sub.:  0.211  ml  Nj  (28*.  742  nun).  2.758  mg  sub.:  0.294  ml  N2  (29*,  742  mm).  Found  %: 

N  11.61,  11.76.  Cjil^ONjCl.  Calculated  %;  N  11.37. 

•  The  melting  point  of  die  base  agrees  with  the  literature  data  [4];  the  melting  point  of  the  hydrochloride  is  not 
given  in  the  literature. 
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Yellow  hydrochloride,  m.p.  198-199*  (decomposition).  Readily  soluble  in  water  and  alcohol,  insoluble  in 
ether  and  acetone. 

3.845  mg  sub.:  0.323  ml  N*  (30*,  743  mm).  3.764  mg  sub.:  0.313  ml  N2  (30*.  743  mm).  Found 

N  9.25,  9.15.  QiHjjONjCls'HjO.  Calculated  <?():  N  9.12. 

7-Chloro-4-(4*  -  hydroxy phenyl )amlnoqui noline 

To  a  solution  of  p-aminophenol  sulfate  (7.9  g)  in  water  (45  ml)  was  added  4,7-dichloroquinoline  (9.9  g), 
and  the  liquid  was  heated  on  the  boiling  water  bath  for  3  hours  with  stirring.  The  reaction  mass  quickly  changed 
into  a  thick  yellow  slurry,  which  was  filtered  and  treated  with  aqueous  ammonia.  Yield  quantitative,  m.p.  255- 
256*,  which  agrees  with  the  literature  [5]. 

7 -  Chloro-4-[3'.  5* -  bis(diethylaminomethyl)-4'-hydroxyphenyl]-amino  quinoline  (V) 

a)  3,5-bis(Diethylaminomethyl)-4-hy(iroxyacetanilide  (3,2  g)  was  boiled  with  20^o  hydrochloric  acid  (5  ml) 
for  1  hour.  The  liquid  was  neutralized  with  10“fo  sodium  hydroxide  solution,  made  weakly  acid  by  the  addition 

of  concentrated  hydrochloric  acid,  and  then  heated  with  4,7-dichloroquinoline  (2  g)for  2  hours  on  the  boiUng  water 
bath  with  stining  of  the  reaction  fntxture.  After  cooling,  the  solution  was  made  alkaline  with  aqueous  ammonia 
and  then  extracted  with  ether.  The  ether  solution  was  washed  with  water  and  dried  over  potash.  After  removal 
of  the  solvent  by  distillation  there  remained  4  g  of  base,  which  was  recrystallized  from  acetone,  from  petro¬ 
leum  ether,  or  from  a  mixture  of  benzene  and  petroleum  ether.  Tiny  needles,  m.p.  162-163*.  The  yellow  base 
is  readily  soluble  in  benzene,  acetone,  alcohol  and  ether,  difficultly  soluble  in  petroleum  ether,  insoluble  in 
water;  easily  soluble  in  dilute  acids,  insoluble  in  dilute  alkalis.  With  ferric  chloride  gives  a  brown  coloration. 

5.457  mg  sub.:  0.578  ml  (22*,  762  mm).  4.034  mg  sub.:  0.431  ml  Nj  (21*,  760  mm).  Found 

N  12.29,  12.40.  C25Hj3ON4C1*'0.75  HjO.  Calculated  N  12.33. 

,  The  highly  hygroscopic  yellow  hydrochloride  is  extremely  soluble  in  water  and  alcohol.  Analysis  of  the 

hydrochloride  was  made  after  reduction  to  constant  weight. 

I  3.900  mg  sub.:  0.353  ml  Nj(22*,  754  mm).  5.532  mg  sub.:  0.510  ml  Nj  (24*,  756  mm).  Found 

N  10.39,  10.54.  C25H3eON4Cl4.  Calculated  N  10.18. 

I 

Lemon  yellow  oxalate.  M.p.  154-155*  (decomposition).  Readily  soluble  in  water. 

I*  6.560  mg  sub.:  0.490  mi  Nj  (22*,  745  nun).  4.904  mg  sub.:  0.363  ml  Nj  (23*.  746  mm).  Found 

,f  N  8.47,  8.38.  C*5Hs30N4Cl •  1.5  1%C204* bHjO.  Calculated^  N  8.42. 

fl 

b)  7-Chloro-4-(4’-hydroxyphenyl)aminoquinoline  (8.1  g),  formalin  (7  ml),  diethylamine  (45  ml)  and  alco- 

II  hoi  (30  ml)  were  heated  at'the  boil  in  a  flask  on  the  water  bath  for  6  hours.  On  conclusion  of  heating,  the  alco¬ 
hol  and  excess  diethylamine  were  removed  by  distillation,  the  residue  was  dissolved  in  10%  hydrochloric  acid  and 
boiled  with  charcoal,  filtered,  and  made  alkaline  with  aqueous  ammonia.  The  obtained  grayish  product  was  ex¬ 
tracted  with  ether:  0.8  g  of  substance  failed  to  dissolve.  The  ether  solution  was  washed  with  ether  and  dried  oyer 
potash. 

The  residue  after  the  removal  of  solvent  by  distillation  was  repeatedly  extracted  with  ether,  in  which  con¬ 
nection  another  0.2  g  of  substance  failed  to  dissolve.  After  distilling  off  the  solvent  there  remained  9.8  g  (76%) 
of  solid  base,  which  was  recrystallized  from  acetone  or  from  a  mixture  of  benzene  and  petroleum  ether.  M.p. 
162-163*;  no  depression  of  the  melting  point  was  observed  when  this  compound  was  mixed  with  the  7-chloro-4-  , 
[3',5’-bis(diethylaminomethyl)-4'-hydroxyphenyl3-aminoquinollne  obtained  by  the  first  method.  The  substance, 
insoluble  in  ether,  after  recrystallization  from  aqueous  acetone,  melted  at  183-184*  and  proved  to  be  7-chloro- 
4-(3’  -diethylaminomethyl-4'  -hy  droxy  phenyl  )aminoquino  line. 

c)  7-Chloro-4-(3'-diethylaminomethyl-4’-hydroxyphenyl>-aminoquinoline  (3.5  g),  formaUn  (1  ml),  di¬ 
ethylamine  (4  ml)  and  alcohol  (5  ml)  were  heated  on  the  boiling  water  bath  for  6  hours.  Further  treatment  was  . 
the  same  as  in  the  preceding  experiment.  The  product  was  recrystallized  from  a  benzene- petroleum  ether  mixt- 
ture,  m.p.  160-162*.  No  depression  of  the  melting  point  was  observed  when  the  compound  was  mixed  with  the 

■  compounds  obtained  by  methods  (a)  and  (b). 

7-Chloro-4-(3*  -  die  thy  1  a  mi  no  me  thy  Isaligenin  methylene  ether)-ami  no  quinoline  (IV) 

To  a  solution  of  the  hydrochloride  of  3-diefliylaminomethyl-5-aminosaligeninmethylene  ether  (3  g)  in  water 
(5.  ml)  was  added  2  g  of  4,7-dichloroquinoline.  and  the  reactltm  mass  was  heated  with  stirring  on  the  boiling  water 
bath  for  2  hours.  After  cooling,  the  viscous  yellow  liquid  was  made  alkaline  with  aqueous  ammonia  and  then  ex¬ 
tracted  with  chloroform;  the  chloroform  solution  was  washed  with  water  and  dried  over  potash.  After  distilling  off 
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the  solvent  there  remained  3  g  {Ifflh)  of  the  base,  which  was  recrystallized  from  aqueous  acetone  and  from  benzene. 
Long  thin  needles,  m.p.  177*.  The  light  yellow  base  is  readily  soluble  in  water;  easily  soluble  in  dilute  acids. 

4,470  mg  sub.:  0.421  ml  Nj  (30*.  742  mm).  4.848  mg  sub.:  0.460  ml  Nj  (30*.  739  mm).  Found 

N  10.35,  10.39.  C22H240feN,Cl.  Calculated*^:  N  10.57. 

The  yellow  oxalate  was  recrystallized  from  methyl  alcohol.  Stout  needles,  m.p.  198*  (decompbsition). 
Readily  soluble  in  water. 

2.435  mg  sub.:  0.196  ml  Nj  (30*.  739  mm).  2.963  mg  sub.:  0.235  ml  Nj  (30*.  739  mm).  Found  '’fn 

N  8.81,  8.68.  C24H2*C:^N3C1.  Calculated  <?;):  N  8.61. 

7-Chloto-4-(3'-diethylaminomethyl-4*-hydroxy-6'  -hydroxy  me  th  yl  phenyl)  - ami  no*- 
quinoline  (VI) 

3-Diethylaminomethyl-4-hydroxy-5-'hydroxymethylaniline  (2.2  g)  and  4,7-dichloroquinoline  (2  g)  were 
heated  under  slightly  acid  conditions  with  stining  on  the  boiling  water  bath  for  2  hours.  The  solution  was  made 
alkaline  with  aqueous  ammonia.  The  obtained  base  was  converted  into  the  picrate,  which  was  recrystallized 
from  aqueous  acetone.  M.p.  162-164“  (decomposition). 

4.367  mg  sub.:  0.519  ml  N2  (22*.  758  mm).  4.349  mg  sub.:  0.519  ml  Nj  (18“,  755  mm).  Found 

N  13.72.  13.91.  CztHctO^NjCI.  Calculated  %  N  13.67. 

SUMMARY 

1.  A  number  of  new  quinoline  compounds  with  side  chain  cyclic  substituents  tyere  synthesized  and  charac¬ 
terized:  the  substituents  being  m-aminobenzyldiethylamine  and  its  derivatives,  attached  to  the  ring  at  the  4- 
position  through  the  NH  group. 

2.  The  antimalarial  activity  of  the  synthesized  compounds  exceeds  the  activity  of  chloroquine,  in  certain 
cases  being  3-4  times  as  active  as  chloroquine  and  10  times  as  active  as  atebrin;  the  toxicity  is  below  the  toxicity 
of  chloroquine. 

3.  The  introduction  of  hydroxy  and  methoxy  groups  into  the  side  chain  cyclic  substituent  significantly  raises 
the  antimalarial  activity,  which  is  sharply  increased  in  the  presence  of  a  second,  symmetrically  arranged,  diethyl- 
amino  group. 

4.  A  method  for  the  separation  of  mixtures  of  monobasic  and  dibasic  Mannich  compounds  by  fractional 
treatment  with  ether  has  been  developed. 
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CHEMICAL  STRUCTURE  AND  P AR ASITICIDAL  ACTIVITY 


XVI.  S-ARYLAMINOQUINOLINES 
V.  I.  Stavrovskaya 


The  earlier  described  antimalarial  compounds  of  the  acridine  and  quinoline  series  with  side  chain  cyclic 
substituents  revealed  both  a  higher  activity  and  a  lower  toxicity  than  the  corresponding  compounds  possessing  ali¬ 
phatic  amines  [1,  2]. 

This  circumstance  made  us  believe  that  the  introduction  of  cyclic  substituents  in  the  eight- position  of  6- 
methoxy-8-aminoquinoline  would  lead  to  active  antimalarial  compounds  with  a  lower  toxicity  than  that  possessed 
by  plasmochin  and  plasmocid,  and  is  the  subject  of  the  present  investigation. 

In  the  synthesis  of  these  compounds  we  encountered  a  number  of  experimental  difficulties. 

At  the  present  time,  the  methods  for  the  introduction  of  alkyl  groups  and,  especially,  of  dialkylamino- 
alkyl  groups  into  8-aminoquinolines  have  been  well -developed  [3^  4],  and  with  theii  aid  a  large  number  of 
8-(dlalkylaminoalkyl)aminoquinolines  have  been  synthesized,  in  which  connection,  some  of  them  have  found 
extensive  use  in  practice  for  the  treatment  of  malaria  (plasmocid,  plasmochin). 

Methods  for  the  introduction  of  aryl  groups  in  8-aminoqumolines  have  been  investigated  only  in  isolated 
cases:  8-(2,4-dinitrophenol)aminoqulnoline  was  obtained  by  heating  alcoholic  solutions  of  8-aminoquinoline  and 
2,4-dinitrochlorobenzene  or  by  their  fusion  [6].  However,  the  necessary  presence  of  the  nitro  group,  attached  in 
definite  positions,  limits  the  use  of  this  method;  8-(4’-hydroxyphenyl)-  and;8-(4*-aminophenyl)amlnoquinoline 
VEE  synthesized  by  the  Bucherer  reaction  from  8-hydroxyquinoline  and  p-aminophenol  or  p-phenylenediamine  [6]. 
As  was  shown  by  Chelintsev  and  Dubinin  in  the  case  of  alijdiatic  amines,  this  reaction  fails  to  proceed  when  a 
substituent  is  present  in  the  6-position  of  the  quinoline  nucleus  [7]  and  .consequently,  possesses  limited  application. 

We  attempted  to  realize  the  synthesis  of  8-arylaminoquinolines  by  several  methods:  through  o-nitrodlphenyl- 
amine  with  subsequent  reduction  of  the  nitro  group  and  running  a  Skraup  synthesis  on  the  obtained  o-aminodi- 
phenylamine;  from  8-hydroxyquinoline  by  the  Bucherer  reaction;  byrthe  direct  arylation  of  8-aminoquinoline.  We 
obtained  the  o-nitrodiphenylamine  needed  for  the  synthesis  either  through  replacement  of  the  aromatic  halogen 
in  o-nitrochlorobenzene  or  of  the  labile  nitro  group  in  o- dinitrobenzene  by  the  aromatic  amine.  However,  the  low 
yields  in  the  first  stageof  the  synthesis  —  the  replacement  of  aromatic  l^logen  by  the  aromatic  amine  *-  caused  us 
to  reject  this  method  andt)  go  over  to  the  second  method  —  making  use  of  the  labile  nitro  group  in  o-dinitrobenzr 
ene.  The  method  for  the  condehsation  of  o- dinitrobenzene  with  alijrfiatic  and  aromatic  amines  served  as  the  ba¬ 
sis  for  this  [8-10].  o-Dinitrobenzene  was  heated  with  m-aminobenzyldiethylamine;  the  obtained  l-nitro-3’-di- 
ethylaminodiphenylamine  was  reduced  and  subjected  to  the  Skraup  synthesis.  8-(3— Diethylaminomethylphenyl)- 
aminoquinoline  and‘8-(4'-diethylaminomethylphenyl)aminoquinoline  were  obtained  in  this  maimer.  The  method 
had  a  number  of  disadvantages:  difficulty  in  obtakiing  o- dinitrobenzene,  losses  during  reduction  and,  especially, 
losses  during  the  Skraup  synthesis;  impossibility cf 'obtaining  the  4-hydroxyphenyl  derivative,  since  in  this  case 
the  hydrogen  of  the  hydroxyl  group  is  the  chief  reactant. 

Our  attempts  to  introduce  te  aiji  residue  into  8-aminoquinoline  by  the  Bucherer  reaction  [7]  led  to  unsatis¬ 
factory  results.  Only  the  startingr&-hydroxyquinollne  and  m-aminobenzyldiethylamine  were  isolated  from'  the 
reaction  mass. 

We  developed  a  method  for  the  preparation  of  6-methoxy-8-(4'-hydroxyphenyl)aminoquinoline,  which  con¬ 
sisted  in  the  heating  of  a  mixture  of  the  hydrochloride  (or  base)  of  6-methoxy-8-aminoquinoline  with  the  free  (or 
hydrochloride)  p-aminophenol  in  a  sealed  tube  at  185-190*  for  5  hours. 

The  reaction  is  complicated  by  the  formation  of  secondary  products,  since,  in  addition  to  the  basic  sub¬ 
stance  6-methoxy-8-(4’-hydroxyphenyl)aminoquinoUne  (I)j  obtained  in  35-40^  yield: 
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small  amounts  of  4,4  -dihydroxydiphenylamine  and  6-methoxy-8-(6’ -methoxy-8’  -quinolyl)aminoquinoline*  (II)  are 
obtained: 


s  I 


is 

hi 

h| 


In  addition  to  the  above  enumerated  compounds,  we  isolated  from  the  reaction  product  a  considerable  amount 
(about  40%  by  weight)  of  hard  black  substance  with  m.p.  around  300*.  The  structure  of  this  substance  was  not  estab¬ 
lished. 

From  the  obtained  6-methoxy-8-(4'-hydroxyphenyl)aminoquinoline  via  the  Mannich  reaction  with  formalde¬ 
hyde  and  diethylamine  we  synthesized  6-methoxy-8-(3*-diethylaminomethyl-4*-hydioxy{Aienyl)aminoquinoline 
(ni)  and  6*“methoxy-8-[3’.5’-bis(diethylaminomethyl)-4'-hydroxyphenyl]aminoquinoline  (IV): 


The  mixture  of  compounds  (III)  and  (IV)  was  separated  on  the  basis  of  their  different  solubility  in  ether, 
analogous  to  the  solubility  of  the  mono-  and  dibasic  Mannich  compounds  of  the  acridine  and  4-aminoquinoline 
series,  which  we  described  earlier.  The  bases  of  die  products  synthesized  by  us  are  light  brown  solids,  gradually 
darkening  on  standing  In  the  air.  The  hydrochlorides  are  brown  solids,  readily  soluble  in  water. 

When  biologically  tested \or  antimalarial  activity  these  compounds  were  found  to  possess  neither  gamotropic 
nor  schizotropic  activity,f  • 

EXPERIMENTAL 

2-Nitro-4’  -diethylaminomethyldiphenylamine.  The  well-ground  mixture  of  o-dinitrobenzene  (4  g)  and 
p-aminobenzyldiethylamine  (3  g)  was  heated  in  a  small  flask  with  vertical  tube  in  an  oil  bath.  At  110*  fine 
bobbles  began  to  appear  on  the  surface  of  the  liquid,  at  140-145*  steady  boiling  began,  This  temperature  was  main- 
uined  for  10  hours.  After  cooling,  the  reaction  product  was  rubbed  in  a  mortar  with  10%  hydrochhsric  acid.  The 
hydrochloric  acid  solution  was  made  alkaline  with  10%  sodium  hydroxide  solution,  and  the  obtained  dark  viscous 
substance  was  extracted  with  ether.  The  ether  solution  was  dried  over  potash.  After  distilling  off  the  ether  there 
remained  3.7  g  of  dark  red  liquid,  which  decomposed  when  vacuum  distillation  was  attempted.  The  picrate. 


•  We  also  obtained  6-methoxy-8-(6* -methoxy-8' -quinolyl)aminoquinoline  by  heating  molal  amounts  of  the  free 
6-methoxy-8-amiiioquin0line  and  its  hydrochloride. 

••We  wish  to  thkhk  Prof.  Sh.  D.  Moshkovsky  and  S.  A.  Syrkina  for  making  the  biological  studies. 
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obtained  by  mixing  alcohol  solutions  of  the  free  base  and  picric  acid,  was  re  crystallized  from  alcohol.  Needles, 
m.p.  85-87*, 

3,917  mg  sub,;  0.549  ml  N*  (16*.  738  mm).  5.466  mg  sub.:  0.774  ml  Nj  (18*.  738  mm).  Found 

N  16.08.  16.11  C23H240^N,.  Calculated*!!*  N  15.91. 

2-Amino-4*  -diethylaminomethyldiphenylamine.  2>-Nitro^4*-diethylaminomethyldiphenylamine  (3  g)  was 
dissolved  in  concentrated  hydrochloric  acid  (11  ml)  and  to  this  solution  was  gradually  added  a  solution  of  stannous 
chloride  (9.7  g)  in  concentrated  hydrochloric  acid;  in  this  connection  a  small  amount  of  heat  evolution  was  ob¬ 
served.  The  nitro  compound,  compacted  into  a  clod  at  the  start  of  addition,  gradually  became  thinner.  After 
all  of  the  stannous  chloride  solution  had  been  added,  the  reaction  mass  was  allowed  to  stand  at  room  temperature 
for  2  hours.  Then  a  40%  sodium  hydroxide  solution  was  added,  and  die  liquid  was  repeatedly  extracted  with  ether. 
The  ether  solution  was  dried  over  potash.  After  removal  of  the  solvent,  there  remained  2.5  g  of  mobile  red  oil 
(diazotizes  and  couples  with  d*naphthol).  The  plcrate  was  prepared  from  the  obtained  base.  The  picrate  was 

purified  by  recrystallization  from  water,  hexagonal  plates,  m  p.  128*. 

•  * 

1.874  mg  sub.:  0.284  ml  N2  (20*.  741  mm).  1.900  mg  sub.:  0.284  ml  N2  (17*.  741  mm).  Found  %: 

N  17.21.  17.16,  C29H2,Oi4N,.  Calculated  %:  N  17.33, 

8-(4*-Diethylaminomethylphenyl)aminoquinoline.  2-Amino-4'-diethylaminomethyldiphenylamine  (4,3  g, 
not  purified  after  reduction)  was  subjected  to  the  Skraup  synthesis,  for  which  the  amine  was  mixed  with  glycerol 
(7  ml);  to  this  was  gradually  added  concentrated  sulfuric  acid  (5  ml)  and  nitrobenzene  (2,5  ml).  The  mixture 
was  heated;  after  some  time  a  vigorous  reaction  set  in,  on  the  conclusion  of  which  boiling  of  the  liquid  was  conv 
tinned  for  another  4  hours.  After  cooling,  the  reaction  mixture  was  poured  into  an  approximately  equal  amount 
of  and  allowed  to  stand  overnight.  A  tar  deposited  on  the  sides  of  the  flask.  The  acid  solution  was  extrac¬ 
ted  three  times  with  ether  to  remove  residual  nitrobenzene  and  was  then  made  alkaline  with  10%  sodium  hydr-  - 
oxide  solution.  The  obtained  tarlike  mass  was  dissolved  in  10%  hydrochloric  acid,  boiled  widi  charcoal,  filtered, 
and  made  alkaline  a  second  time.  The  dark  brown  product  obtained  in  this  manner  was  purified  again  by  boiling 
the  acid  solution  with  charcoal,  after  which  it  was  filtered,  made  alkalihe,  and  extracted  wift  ether.  The  ether 
solution  was  dried  over  potash  After  dlstilUng  off  the  ether  there  remained  0.8  g  of  light  viscous  liquid,  which 
on  standing  acquired  the  consistency  of  vaseline.  The  picrate  was  prepared  from  the  obtained  base,  and  was  re- 
crystallized  from  water  in  the  form  of  leaflets.  From  alcohol  it  is  obtained  ^s  plates,  m.p,  216*. 

4.260  mg  sub.:  0,627  ml  N2  (19*.  739  mm).  5.267  mg  sub..-  0.784  ml  N2  (21*.  730  mm).  Foufid  %e 

N  16.73,  16.61.  Cs2H2,Oi4N,.  Calculated  %  N  16.51. 

2 -Nitro*3'  -diethylaminomethyldiphenylamlne,  A  mixture' of  o-dinitrobenzene  (5.9  g)  aitd  m-amino- 
benzyldiethylamine  (18,7  g)  was  heated  on  the  boiling  water  bath  for  11  hours.  On  conclusion  of  heating,  the 
reaction  mixture  was  a  dark  brown  viscous  liquid,  which  was  made  alkaline  with  10%  sodium  hydroxide  solution 
and  extracted  with  ether.  The  ether  solution  was  dried  over  potash.  The  residue  after  removal  of  the  solvent  was 
vacuum  distilled;  9.6  g  of  unreacted  amine  was  obtained  with  b.p.  112-120*  at  3-4  mm.  The  residue  in  the  flask 
was  dissolved  in  10%  hydrochloric  acid  and  filtered  from  a  small  amount  of  o-dinitrobenzene  (0.45  g),  The  fil¬ 
trate  was  made  alkaline  and  the  resulting  viscous  dark  brown  mass  was  extracted  with  ether.  After  distilling  off 
the  ether  there  remained  8.4  g  of  heavy  liquid.  The  picrate,  obtained  by  mixing  alcohol  solutiais  of  the  base  and 
picric  acid,  was  recrystallized  from  alcohol  m.p.  142*. 

5,720  mg  sub.:  0.809  ml  N2  (18*.  744  mm).  4,087  mg  sub,:  0.574  ml  N2  (18*,  744  mm).  Found  %c 

N  16.24,  16.13.  C2sH240iNg.  Calculated  %c  N  15.91. 

2- Amino-3*  -diethylaminomethyldiphenylamine.  2-Nitro-3*-dlethylanHnomethyldiphenylamine  (11.8  g, 
not  purified)  was  reduced  with  stannous  chloride  in  hydrochloric  acid.  The  picrate  was  prepared  from  the  base 
2-amino-3*-diethylaminomethyldlphenylamine,  and  was  recrystallized  from  water.  Needles,  m.p.  160-161*. 

5.016  mg  sub.:  0.764  ml  N2  (24*.  745  mm),  3.775  mg  sub.;  0.588  ml  N2  (25*,  744  mm).  Found  %; 

N  17.16,  17.47,  C2,H2,Oi4N,.  Calculated  %:  N  17.33. 

8  -(3*  -Diethylamlnomethylphenyl)- aminoquinoline .  2-Ainliio-3*-diethylaminomethyldlphenylamine  (6  g, 

not  purified  after  reduction)  was  mixed  with  glycerol  (10  ml):  to  this  was  gradually  added  concentrated  sulfuric  acid 
(7  ml)  and  niaobenzene  (4  ml).  The  mixture  was  charged  into  a  flask  and  heated  on  the  gauze.  Chi  conclusion  of 
vigorous  reaction,  the  liquid  was  boiled  another  4  hours.  Further  treatment  was  the  same  as  for  the  preparation  of 
8-(4*-diethylaminomethylphenyl)aminoquinoline,  1.4  g  of  the  base  was  obtained,  as  a  viscous  liquid,  from  which 
the  picrate  was  prepared.  Re  crystallized  from  alcohol,  stout  needles,  m.p.  204-205*. 


4.780  mg  sub,:  0,706  ml  N2  (24*.  744  mm).  4.819  mg  sub,:  0,706  ml  N2  (24*.  744  mm).  Found  % 

N  16.62.  16.48.  Cs2H290i4N,.  Calculated  oja.  N  16.51. 

Attempts  to  prepare  8-(3*-diethylaminometfaylphenyl)aminoquinoline  by  the  Bucherer  reaction,  m -Amino - 
benzyldiethylamine  (6.7  g)  and  water  (20  ml)  were  charged  into  a  small  flask,  into  which  snlfur  dioxide  gas  was 
then  passed  to  a  weight  increase  of  2.6  g;  the  oil  thus  obtained,  at  first  floating  on  the  surface,  gradually  dissolved 
and  the  solution  acquired  a  reddish  color.  The  8-hydroxyquinoline  was  then  added  and  the  liquid  was  boiled  for 
30  hours  under  d.ight  pressure  (mercury  seal  10  cm).  On  conclusion  of  heating,  a  yeUow  substance  deposited  in 
the  cobled  solution,  which  was  filtered.  Yield  0.9  g,  m.p.  72-73*. 

The  clear  solution  was  made  alkaline  with  sodium  hydroxide  solution  until  an  oil  layer  appeared  on  the 
surface,  after  which  the  oil  was  extracted  widi  ether.  The  ether  solution  was  dried  over  potash.  After  distilling 
off  the  ether,  there 'remained  6.2  g  of  yellow  liquid,  which  distilled  at  123-124*  (3-4  mm),  corresponding  to  start¬ 
ing  m-aminobenzyldiethylamine.  Yield  4.5  g.  The  aqueous  alkaline  residue  remaining  after  ether  extraction  was 
neutralized  with  lO^ifc  hydrochloric  acid.  The  obtained  flocculent  precipitate  was  filtered  and  washed  with  water. 
Yield  1.2  g.  m  p.  70-72*.  The  product  was  combined  with  the  first  portion  of  solid  substance  and  steam  distilled. 
Fine  white  needles,  m.p.  75*. 

The  mixed  melting  point  with  8-hydtoxyquinoline  remained  unchanged.  Therefore,  only  the  original 
substances  were  isolated  from  the  reaction  mass. 

6  -  Methoxy-  8-  (4*  -  hydroxy  phenyl  )aminoqulnoline .  A  mixture  of  6-meflioxy-8-aminoquinoline  hydrochloride 
(25  2  g)  and  free  p-aminophenol  (13.2  g)  was  intimately  ground  in  a  mortar,  after  which  it  was  heated  in  a  sealed 
tube  fof  5  hours  at  185-190*  On  conclusion  of  heating,  the  black  melt  was  extracted  severa,!  times  with  boiling 
water;  then  the  cooled  product  was  ground  in  a  mortar  with  aqueous  ammonia,  filtered,  and  repeatedly  extracted 
wi  di  ether  (a  considerable  portion  of  the  product  failed  to  go  into  solution).  The  ether  solution  was  washed  with 
water  and  then  dried  over  potash.  After  distilling  off  the  ether  there  remained  a  black  viscous  and  sticky  mass, 
which  was  treated  a  second  time  with  ether,  and  again  a  certain  amount  of  dark  product  was  obtained.  This  opera¬ 
tion  of  dissolving  the  substance  in  ether  was  repeated  several  times.  After  distilling  off  the  ether,  the  sticky  black 
residue  was  covered  with  aqueous  ammonia,  the  substance  gradually  solidified  and,  on  crushing  had  a  greenish  gray 
color.  The  substance  was  filtered,  washed  with  water,  and  dried.  Yield  12.2  g  (38<^). 

On  standing  in  the  air,  it  rapidly  darkened  and  turned  balck.  Recrystallized  from  benzene.  After  several 
recrystallizations,  the  substance  was  dark  yellow;  however,  even  on  standing  in  a  vacuum  desiccator,  it  begins  to 
turn  green  at  first,  and  then  becomes  dark  colored  M.p.  110-112*  with  Incipient  decomposition,  vigorous  decom¬ 
position  at  118-120*.  The  base  is  readily  soluble  in  alcohol,  ether  and  benzene,  soluble  in  dilute  alkalis,  soluble 
in  10<^fc  hydrochloric  acid  on  heating,  insoluble  in  water . 

6.273  mg  sub.:  0.598  ml  N2  (22*.  744  mm).  4,018  mg  sub.:  0.382  ml  N2  (22*  755  mm).  Found 

N  10.80,  10.93.  Ci,H240iN2.  Calculated  N  10.53. 

The  picratc  was  prepared  by  mixing  alcohol  solutions  of  the  base  and  picric  acid.  Recrystallized  from  alco¬ 
hol,  m.p.  169-170*  (decomposition). 

2.510  mg  sub,:  0.314  ml  N2  (25*.  757  mm).  3,101  mg  sub.:  0.392  ml  N2  (27*,  748  mm).  Found  ‘fe 

N  14.27.  14.15.  C22Hi70^N6.  Calculated  %  N  14.14, 

From  the  aqueous  solution,  obtained  in  the  extraction  of  the  melt  with  boiling  water,  very  small  amounts  of 
4,4'-dihydroxydiphenylamine.  p-aminofflienol  and  6-methoxy-8-aminoquinoline  were  isolated.  From  the  product, 
insoluble  in  ether,  there  was  extracted  with' benzene  1.8  g  of  6-methoxy-8-(6* -methoxy-8' -quinolyl)aminoquinol- 
lne  with  m.p.  167-169*  after  purification 

The  black  substance,  insoluble  in  ether  and  benzene  (about  40<^  by  weight),  melts  around  300*. 

6-(Methoxy-8-(3*  -diethylaminomethyltAenyl)aminoquinoline  and  8-[3*-5'-bis(diethylaminomethyl)-  4'- 
hydroxyphenyl]amlnoquinoline.  6- Methoxy-8- (4' -hydroxyphenyl)aminoquinoline  (8.5  g),  formalin  (7  ml),  diethyl- 
amine  (30  ml)  and  absolute  alcohol  (30  ml)  were  heated  in  a  flask  under  reflux  for  5  hours.  On  conclusion  of  reac¬ 
tion,  die  alcohol  and  excess  diethylamine  were  distilled  off.  The  residue,  a  viscous  brown  liquid,  was  dissolved 
in  10®^)  hydrochloric  acid.  The  hydrochloric  acid  solution  was  boiled  with  charcoal,  filtered,  and  made  alkaline 
witii  aqueous  ammonia.  The  obtained  dark  red  substance  was  extracted  with  etiier,  widi  part  of  the  substance 
failing  to  go  into  solution  (6.1  g  of  dark  red  product). 

a)  The  ether  solution  was  washed  with  water  and  then  dried  over  potash.  After  distilling  off  the  ether,  there 
remained  6  g  of  liquid  mass,  which  solidified  on  cooling.  The  base  was  treated  with  alcoholic  hydrochloric  acid. 
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followed  by  the  addition  of  dry  acetone.  The  obtained  solid  hydrochloride  was  purified  by  dissolving  it  in  methyl 
alcohol  and  then  adding  acetone.  The  dark  orange  hydrochloride  is  readily  soluble  in  water  and  alcohol,  insoluble 
in  ether  and  acetone;  m.p.  200-202'  (decomposition), 

3,184  mg  sub.:  0.284  ml  N2  (21*,  751  mm).  6.135  mg  sub.:  0.549  ml  N2  (24*.  757  mm).  Found 

N  10.23,  10.24.  C2tHj,02N^l2*3H20.  Calculated*^  N  9.95. 

The  yellow  base  was  obtained  ftom  the  hydrochloride  by  treating  the  latter  with  aqueous  ammonia.  Ex¬ 
tremely  soluble  in  ethyl  acetate,  acetone,  chloroform  and  ethylene  dichloride;  readily  soluble  in  ether,  difficultly 
soluble  in  petroleum  etner;  insoluble  in  water  and  dilute  alkali,  easily  soluble  in  10*^  hydrochloric  acid.  With 
ferric  chloride  gives  a  brown  coloration  Purified  by  recrystallizatlon  from  aqueous  alcohol  M.p.  110-112*  (de¬ 
composition). 

5.409  mg  sub.;  0.617  ml  N2  (20*.  739  mm).  4,452  mg  sub.;  0.510  ml  N2  (19*.  738  mm).  Found 

N  12.92,  13.00.  C2eH3802N4.  Calculated  %;  N  12.84. 

b)  The  ether  insoluble  substance  was  heated  with  ethyl  acetate  (about  one-third  of  the  product  failed  to 
dissolve).  After  the  solvent  was  distilled  off,  there  remained  a  dark  red  solid,  which  was  purified  by  repeated 
solution  in  acetone  and  precipitation  with  water,  or  by  solution  in  benzene  and  precipitation  with  petroleun) 
ether;  m.p.  188-190*  (gradual  decomposition).  The  base  is  readily  soluble  in  acetone,  soluble  in  alcohol,  diffi¬ 
cultly  soluble  in  ether,  and  insoluble  in  water.  The  aqueous-alcohol  solution  of  the  base  gives  a  brown  colora¬ 
tion  with  ferric  chloride. 

5.271  mg  sub.;  0.539  ml  N2  (20*.  750  mm).  2.840  rag  sub.;  0.294  ml  N2  (21*,  750  mm).  2,989  mg  sub.; 

7.815  mg  COzi  1.919  mg  H2O.  3.111  mg  sub.;  8.165  mg  CO2;  1.966  mg  HjO.  Found  <%;  N  11.76,  11.86; 

C  71.35,  71.62;  H  7.18,  7.03.  C2iH2502N,‘.  Calculated  N  11.97;  C  71.80;  H  7.18. 

The  light  brown  hydrochloride  is  readily  soluble  in  water. 

5.007  mg  sub,;  0,431  ml  N2  (22*.  741  mm).  4.679  mg  sub.;  0,402  ml  N2  (22*.  741  mm).  Found  “fe 

N  9,71.  9.69.  C2iH2,02N3C1'3H20.  Calculated  N  9,51. 

6-Methoxy-8-(6'  -methoxy-8’-quinolyl)aminoquinoline.  The  free  8-methoxy-8-aminoquinolirie  (7  g)  and 
its  hydrochloride  (8.4  g)  were  well-mixed  and  then  heated  in  a  sealed  tube  for  11  hours  at  170-175*,  The  obtained 
black  melt  was  rubbed  in  a  mortar  with  aqueous  ammonia,  filtered,  washed  with  water,  and  dried.  The  impure 
product  had  m.p.  80-90*  (decomposition).  To  remove  unreacted  6-methoxy-8-aminoquinoline.  the  substance  was 
repeatedly  shaken  and  ruljbed  with  ether;  after  distilling  off  the  ether,  there  remained  5.1  g  of  8-methoxy-8-amino- 
quinoline.  The  product,  insoluble  in  ether  (7.3, g),  melted  at  125-135*  (decomposition).  Recrystallized  from  a  mix¬ 
ture  of  benzene  and  petroleum  ether,  MlciOcrystals  with  m.p.  168-170  (ill-defined). 

The  dark  yellow  base  is  soluble  in  alcohol,  acetone,  benzene,  ethyl  acetate  and  dilute  hydrochloric  acid; 
difficultly  soluble  in  petroleum  ether,  insoluble  iii  water  and  dilute  alkali. 

3.933  mg  sub.;  0,451  ml  ;N2  (22*.  741  mm).  3,193  mg  sub,;  0.363  ml  N2  (21*.  742  mm).  Found 

N  12.94.  12.89.  Ci0H„OiNj.  Calculated  «fci  N  12.69 

Treatment  of  the  base  with  alcoholic  hy^ochloric  acid  and  subsequent  addition  of  ether  gives  the  yellow 
hydrochloride.  Soluble  in  alcohol,  difficultly  soluble  in  water,  readily  hydrolyzed  on  heating  with  water.  The 
hydrochloride  was  purified  by  dissolving  in  methyl  alcohol  with  the  subsequent  addition  of  ether.  Decomposes  at 
287-290*. 

6.768  mg  sub,:  0.706  ml  Nj  (2&*,  748  mm).  5.602  mg  sub.:  0.578  ml  Nj  (28*.  748  mm).  Found 

N  11.64,  11.52.  CzoHuOiNjCl.  CalculattJd  N  11.43. 

As  a  result,  the  analysis  of  the  base  and  its  hydrochloride  identify  the  substance  as  being  6-methoxy-8-(6*- 
raethoxy  -8'  -quinolyi)aniinoquinoline. 


SUMMARY 

1,  A  number  of  new  8-arylaminoquinolines.  where  the  aryl  is  4-hydroxyphenyl-3-diethylaminomethylphenyl, 
4-diethylaminomethylphenyl,  3-diethylaminomeihyl-4-hydroxyphenyl  and  3,5-bis-diethylaminomethyl-4-hydroxy- 
phenyl  were  synthesized  and  characterized. 

2.  When  investigated  for  avian  malaria  infection  .substances  (Ill)  and  (IV)  proved  to  be  inactive. 


323 


LITERATURE  CITED 


[1]  V.  I,  Stavrovskaya.  J.  Gen.  Chem.,  25,  193  (1955),* 

[2]  V.  I.  Stavrovskaya.  J.  &n.  Chem.,  25,  337  (1955).  •• 

[3]  O.  Yu.  Magidson,  N.  M.  Delektorskaya,  and  I.  M.  Lipovich,  J.  Gen.  Chem.,  4,  1047  (1934). 

[4]  O.  YU,  Magidson  and  I.  T.  Strukov,  J.  Gen.  Chem.,  4,  253  (1934), 

[5]  Meigen,  J,  prak.  Chem.,  (2),  77.  475  (1908). 

[6]  I.  M.  Kogan  and  Kh.  M  Raikhman,  J.  Appl.  Chem  ,  12.  1393  (1939). 

[7]  G.  V.  Chelintsev  and  B,  M.D.ubinin,  J,  Gen.  Chem.,  10.  1395  (1940). 

[8]  K.  S.  Topchiev,  Proc.  Acad.  Sci.  USSR.  IV.  189  (1935). 

[9]  A.  Lauhenhelmer,  Bei.,  11.  1155  (1878). 

[10]  H.  H.  Hodgson,  K.  M.  Smidi,  J,  Chem.  Soc.,  1933,  500, 

Received  May  26,  1954  Institute  of  Malaria.  Medicinal  Parasitology, 

and  Helminthology 


'J 


111 

»i  ________________________ 

*  See  Consultants  Bureau  Translation,  page  177. 

>ri  ♦•See  Consultants  Bureau  Translation,  page  317. 

►I 

II 

II 

II 

ill 

i|- 


324 


OXIDATION  OF  w - AC ETOX Y HEX A H YDRO A GET OPHE NONE 

A.  Ya.  Berlin  and  L.  V.  Sokolova 


It  is  known  that  ketones  can  be  oxidized  by  different  oxidizing  agents  like,  for  example,  ctiromic  acid, 
nitric  acid,  poussium  permanganate,  etc.,  the  oxidation  results  depending  both  on  the  structure  of  the  ketone 
and,  to  a  considerable  degree,  on  the  oxidizing  agent  used.  The  a-hydroxy  ketones  are  especially  susceptible 
to  oxidation  [1]. 

We  obtained  extremely  interesting  results  when  wacetoxyhexahydroaceto|dienone  (I)  [2,  9]  was  exposed 
to  the  action  of  a  mild  oxidizing  agent  like  silver  oxide  in  alkaline  medium.  It  was  revealed  that  the  oxidation 
of  this  compound  under  the  indicated  conditions  proceeds  very  easily,  even  the  development  of  a  certain  amount 
of  heat  being  observed.  Two  acids  were  obtained  as  a  result  of  the  reaction,  the  liquid  acid  being  readily  solu« 
ble  in  benzene,  while  the  solid  acid  was  found  to  be  practically  insoluble  in  cold  benzene. 

From  the  acid  soluble  in  benzene  we  obtained  the  amide,  m.p,  186-187*.  Analysis  of  this  amide  revealed 
that  it  was  saturated  and  that  it  corresponds  to  an  acid  with  empirical  formula  C7H12O2.  i.e.,  apparently,  to  hexa- 
hydrobenzoic  acid  (II). 

C^Hii-CO-GHjOCOCHs.  G,Hu-COOH,  C*Hu-GHOH-GOOH 

a)  (H)  (HI) 

From  the  literature,  the  amide  of  hexahydrobenzoic  acid  has  m.p.  184*  [3]  and  185-186*  [4].  The  amide  of 
hexahydrobenzoic  acid  synthesi2£d  by  us  had  m.p.  186.5-187.5*  and  no  depression  of  the  melting  point  was  ob¬ 
served  when  this  amide  was  mixed  with  the  amide  obtained  from  the  benzene'^luble  liquid  acid,  As  a  result, 
it  was  shown  that  one  of  the  acids  obtained  in  the  oxidation  of  u;-acetoxyhexahydroacetophenone  is  hexahydro¬ 
benzoic  acid  (II). 

The  acid  difficultly  soluble  in  benzene,  obtained  in  much  smaller  amount  (approximately  Vs  amount 
of  hexahydrobenzoic  acid),  after  recrystallization  had  m.p.  134.5-135*.  Analysis  of  this  acid  revealed  its  empiri¬ 
cal  formula  to  be  G*Hi403;  its  equivalent  weight,  determined  by  titration,  was  found  to  be  158,  The  amount  of 
labile  hydrogen  in  this  compound  indicated  the  presence  of  2  liydroxyl  groups.  From  this  data  it  can  be  concluded 
that  the  acid  with  m.p.  134.5-135  is  hexahydromandelic  acid  (III)  (from  the  literature,  m.p.  135-136*,  130-131*^. 

Gonclusive  evidence  for  the  identity  of  the  solid  acid  (m.p.  134.5-135*)  with  hexahydromandelic  acid  was 
obtained  by  the  method  of  synthesizing  the  latter  from  benzaldehyde  and  HGN  with  subsequent  hydrolysis  of  the 
thus  obtained  cyanohydrin  [5],  No  depression  of  the  melting  point  was  observed  when  hexahydromandelic  acid 
was  mixed  with  the  solid  acid  (m.p.  134.5-135*)  obtained  from  the  oxidation  of  tu-acetoxyhexahydroacetophenone. 

At  first  glance,  the  formation  of  hexahydromandelic  acid  in  this  reaction  is  completely  unexpected,  inas¬ 
much  as  under  the  conditions  of  this  oxidation  process  the^G=0  group  is  reduced  to^GHOH.  However,  under 
more  careful  examination,  this  unique  reaction  can  be  fully  explained.  Probably,  the  first  reaction  that  takes  place 
in  the  alkaline  medium  is  hydrolysis  of  the  acetoxy  groups  the  resulting  a-keto  alcdiol  (IV)  is  oxidized  to  the 
a-keto  aldehyde  (V)  (cyclohexylglyoxal),  while  the  cyclohexylglyoxal  in  alkaline  medium  is  rearranged  into  hexa- 
hydronundeUc  acid  (III),  analogous  to  the  Gannizzaro  reaction  or  to  the  benzilic  acid  type  of  rearrangement.  Ex¬ 
amples  of  a  similar  type  of  intramolecular  disproportionation  are  known,  for  example,  for  methylglyoxal  [6]  and 
Phenylglyoxal  [7]. 

Two  theories  can  be  offered  to  explain  the  formation  of  hexahydrobenzoic  acid  in  this  reaction:  the  oxida¬ 
tion  of  the  hexahydromandelic  acid  formed  in  the  reaction  to  hexahydrobenzoic  acid  (Scheme  A)  or  the  oxida¬ 
tion  of  the  intermediate  cyclohexylglyoxal  to  hexahydrobenzoylformic  acid  (VI),  which  is  then  converted  into 
hexahydrobenzoic  acid  (Scheme  B): 

G»Ha-GO-GHO— *-  G*Ha-CHOH-GOOH — ►‘GiHa'-GOOH  (A) 

(V)  (HI)  (H) 

G,Ha-CO-GHO— G*Ha-GO-GOOH — ►G*Ha-GOOH  (B) 

(V)  (VI)  (U) 
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In  order  to  give  preference  to  one  of  these  schemes,  it  was  necessary  to  determine  if  hexahydromandelic 
acid  under  the  experimental  conditions  is  bxidized  to  hexahydrobenzoic  acid.  It  was  revealed  that  pure  hexahydro 
mandelic  acid  remains  completely  unchanged  when  it  is  exposed  to  the  action  of  silver  oxide  in  alkaline  medium. 
From  fliis  it  follows  that  the  formation  of  hexahydrobenzoic  acid  probably  proceeds  in  accord  with  Scheme  B, 

As  a  result,  the  complete  oxidation  of  lu-acetoxyhexahydroacetoi^enone  under  the  indicated  conditions 
apparently  proceeds  as  follows: 

CeHu-CO-CH2CX:(X:H,  CjHu-CO-CHjOH  C,Hii-CO-CHO 


(I) 

’c*Hii-COOH 

01) 


(IV) 


(V) 


C,Hu-CO-COOH  £  CgHii-CHOH-COOH 
(VI)  .I'(III) 


EXPERIMENTAL* 

Oxidation  of  u;-acetoxyhexahydroacetophenone.  To  a  solution  of  1.54  g  of  w-acetoxyhexahydroaceto- 
phenone  (b.p.  103- 104*  a^  2  mm,  m.p.  42-43*)  in  10  ml  of  alcohol  was  added  45  ml  of  water.  To  the  resulting 
emulsion  was  added  a  solution  of  8.42  g  of  silver  nitrate  in  14  ml  of  water  and  then  in  portions  with  stirring  a 
solution  of  1.9  g  of  sodium  hydroxide  in  17  ml  of  water  was  added.  Some  evolution  of  heat  was  observed.  After 
all  of  the  alkali  had  been  added,  die  stinlng  was  continued  for  another  30  minutes,  after  which  the  flask  was  heated 
on  the  water  bath  for  10  minutes.  The  precipitate  was  filtered  and  washed  with  hot  water.  The  filtrate  and  wash 
liquors  were  extracted  with  ether  to  remove  neutral  impurities,  after  which  the  aqueous  layer  was  acidified  to  Con¬ 
go  with  dilute  hydrochloric  acid  and  then  thoroughly  extracted  with  ether.  The  ether  solution  was  dried  over  an¬ 
hydrous  sodium  sulfate. 

After  removal  of  the  solvent,  a  mixture  of  acids  was  obtained,  which  partially  crystallized  on  cooling.  The 
mixture  was  treated  with  cold  benzene  and  the  benzene  insoluble  acid  was  filtered  off.  0.17  g  of  crystalline  acid 
was  obtained,  which  after  recrystallization  from  benzene  had  m.p  134.5-135*.  This  acid  is  readily  soluble  in 
ether,  alcohol,  acetone,  ethyl  acetate  and  xylene,  difficultly  soluble  in  the  cold  in  chloroform,  benzene  and  water, 
and  readily  soluble  imhot  benzene. 

4.145  mg  sub.:  9.211  mg  COj:  3.188  mg  HjO.  3,888  mg  sub.:  8.655  mg  CO^;  3.063  mg  H2O.  1.42  mg 

sub.:  0.42  ml  CH4  (19*.  763  mm).  20.30  mg  sub,:  1.30  ml  0.1  N  NaOH.  Found  C  60.64,  60.74} 

H  8.60,  8.81;  active  H  1.25.  M  156.1.  CgHi^Q,.  Calculatdd- «fo:  C  60.74;  H  8.91;  active  H  1.25.  M  158.2. 

After  distilling  the  solvent  from  the  benzene  solution,  there  remained  0.8  g  of  liquid  acid,  which  we  were 
unable  to  crystallize.  The  substance  was  dissolved  in  dry  benzene  and  the  benzene  solution  was  added  in  drops 
to  a  benzene  solution  containing  3.5  g  of  thionyl  chloride.  The  mixture  stood  for  1  hour  at  fbom  temperature  and 
then  was  heated  for  1  hour  at  50-60*.  After  cooling,  the  excess  thioq^rchloride  .together  with  the  benzene,  were 
removed  by  vacuum  distillation  at  20-25*.  A  stream  of  dry  ammonia  gas  was  passed  into  a  flask  containing  dry 
benzene  and  at  the  same  time  a  benzene  solution  of  the  obtained  acid  chloride  was  added  dropwise.  The  obtained 
precipiute  was  filtered  off  and  washed  with  water  to  remove  ammonium  chloride.  The  residue  had  m.p.  182*. 

After  lecrystallization  from  benzene,  m.p.  186-187*.  The  substance  is  soluble  in  chloroform,  alcohol  and  ediyl 
acetate.  <»i  heating  —  in  benzene,  practically  insolubte  in  water,  ether  and  acetone.  A  test  with  potassium  per¬ 
manganate  solution  revealed  that  the  amide  is  a  saturatdd  compound. 

3,816  mg  sub.;  9.262  mg  CO2;  3,431  mg  H2O.  4.001  mg  sub.;  9.731  mg  002:  3.617  mg  H2O,  7.103  mg 

sub.;  0.696  ml  N2  (21*.  742  mm).  Found  C  66.24.  66,37;  H  10.06,  10.11;  N  11.11.  QHuON,  Calcu- 

Uted  ofe  C  66.11;  H  10.30;  N  11.02. 

Hexahydrobenzoic  acid  (II)  was  obtained  by  the  reduction  of  benzoic  acid  with  metallic  sodium,  using  the 
method  described  in  the  literature  [3]. 

The  amide  of  hexahydrobenzoic  acid  after  recrystallization  from  hot  water  had  m.p.  186,5-187.5*.  No  de¬ 
pression  of  the  melting  point'^$  observed  when  this  amide  was  mixed  with  the  amide  obtained  from  the  liquid 
acid  formed  in  the  oxidation  of  cu*acetoxyhexahydroacetophenone. 


•  All  melting  points  have  been:  corrected. 
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Hexahydiomandelic  add  (III).  To  3,4  g  of  freshly  distilled  hexahydrobenzaldehyde  [8]  was  added  a  satura¬ 
ted  solution  of  sodium  bisulfite  (55  ml).  Stirring  of  die  mixture  was  continued  until  it  began  to  crystallize  into  a 
thick  mass.  The  bisulfite  compound  was  filtered  off,  washed  with  a  small  amount  of  ice  water,  after  which  it 
was  mixed  with  a  small  amount  of  water,  and  to  the  obtained  mixture  with  vigorous  stirring  was  added  a  saturated 
solution  containing  2  g  of  sodium  cyanide.  The  reaction  was  complete  after  20-30  minutes  and  the  nitrile  of  hexa- 
hydromandelic  acid  separated  as  an  oil.  The  nitrile  was  heated  with  a  4- fold  amount  of  concentrated  hydrochloric 
acid  on  the  boiling  water  bath  for  3  hours.  The  white  crystalline  substance  obtained  in  this  manner  is  the  amide  of 
hexahydromandelic  acid.  Yield  2.9  g,  M.p.  166-167*.  The  substance  is  readily  soluble  in  alcohol,  on  heating  — 
in  acetone,  benzene  and  water;  insoluble  in  ether. 

The  amide  of  hexahydromandelic  acid  (0.2  g)  was  heated  on  the  boiling  water  bath  with  a  slight  excess  of  10*% 
aqueous  potassium  hydroxide  solution  for  2  hours.  The  deposit  gradually 'dissolved.  After  cooling,  the  solution 
was  acidified  to  Congo  and  exhaustively  extracted  with  ether.  Removal  of  the  solvent  from  die  dried  ether  ex¬ 
tract  gave  0.13  g  of  crystalline  hexahydromandelic  acid;  after  recrystallization  from  benzene,  m.p.  134.5-135*. 

No  depression  of  .the  melting  point  was  observed  when  the  acid  with  m,p.  134.5-135*,  obtained  in  the  oxidation 
of  (U-acetoxyhexahydroacetophenone,  was  mixed  with  the  authentic  hexahydromandelic  acid. 

'Attempt  to  oxidize  hexahydromandelic  acid  with  silver  oxide  in  alkaline  medium.  Hexahydromandelic 
acid  (0.17  g)  was  treated  with  silver  oxide  in  alkaline  medium  under  the  same  conditions  as  were  used  for  the  oxi¬ 
dation  of  lu-acetoxyhexahydroacetophenone.  i.e.,  with  heating  of  the  reaction  mixture  for  10  minutes  on  the  water 
bath  knd  subsequent  extraction  with  ether.  After  drying  the  ether  solution  and  removal  of  the  solvent,  there  re*' 
mained  0.16  g  of  a  dense  crystalline  mass,  which  proved  to  be  pure  original  hexahydromandelic  acid,  melting 
without  recrystallization  at  129-130.5*.  After  recrystallization  from  benzene  the  m.p.  rose  to  134*135*. 

SUMMARY 

1.  It  was  established  that  cu-acetoxyhexahydroacetof^enone  is  readily  oxidized  by  silver  oxide  in  alkaline 
medium.  The  products  of  this  reaction  —  hexahydrobenzoic  and  hexahydromandelic  acids  ~  were  isolated  and 
identified. 

2.  It  was  shown  that  hexahydrobenzoic  acid  is  not  an  oxidation  product  of  hexahydromandelic  acid, 

3.  A  probable  scheme  for  the  transformation  of  lu-acetoxyhexahydroacetophenone  under  die  indicated 
conditions  has  been  proposed. 
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STUDY  OF  THE  TRANSFORMATION  OF  1 . 1  -  P  ENT  A  MET  H  YLEN  EG  LY  CEROL 


2,3-DIACETATE  INTO  u - A C ET OX Y H EX A H YDRO AC ET OPH ENONE 

A,  Ya  Berlin  and  L.  V.  Sokolova 


It  has  long  been  known  that  a  -glycols  and  their  aoetyl  derivatives  can  be  transformed  into  aldehydes  and 
ketones  either  under  the  influence  of  water -splitting  agents  or  by  heating  them,  most  frequently  with  dilute  acids[l]. 

In  recent  years  this  reaction  has  received  extensive  study  in  the  sterol  series  where  it  has  been  used  for  the 
synthesis  of  biologically  active  compounds  having  the  grouping  —  CO  —  CHj  —  R  in  their  structure.  The  given  pro¬ 
cess  plays  quite  an  essential  role  in  the  synthesis  of  the  important  steroid  hormone  -  desoxycorticosterone  (  A*-preg- 
nen-21 -ol-3,20 -dione),  and  also  for  the  preparation  of  other  analogous  ketones  in  the  sterol  series. 

As  a  rule,  the  described  reaction,  usually  called  the  Serini  reaction  in  the  literature,  is  operated  by  way  of 
heating  the  corresponding  diol,  more  frequently  —  its  monoacetate,  with  zinc  dust  in  an  inert  solvent  at  the  boiling 
point  of  the  latter.  The  preparation  of  desoxycorticosterone  acetate  from  A*  pregnene-17,20,21-triol-3-one  , 

20,21 -di acetate  can  be  depicted  by  the  following  scheme: 


Inasmuch  as  the  indicated  synthesis  almost  always  fails  to  proceed  in  a  completely  sstisfactory  manner,  and 
because  unconditionally  reliable  data  on  the  mechanism  of  the  Serini  reactionafcT  missing  in  the  literature,  we  set 
ourselves  the  task  of  studying  this  extremely  interesting  transformation  on  a  comparatively  simple  and  more  accessi¬ 
ble  model.  The  model  chosen  l)y  us  was  1,1 -pentamethyleneglycerol  2,3-diacetate  (I)  [2],  from  which  w-acetoxy- 
hexahydroacetophenone  (11)  was  obtained: 

OH 

CH  -CHjOCOCl^ 

OCOCHj 

(1)  •  (H) 

The  reaction  was  carried  out  by  heating  1,1 -pentamethyleneglycerol  2,3-diacetate  in  xylene  with  zinc  dust, 
the  acetic  acid  formed  in  the  reaction  being  constantly  removed  from  the  reaction  medium. 

As  the  result  of  repeated  distillations  in  vacuum  (2  mm)  we  obtained  the  following  fractions  (the  average 
yields  of  a  number  of  experiments  are  given): 


Fraction  No. 

Boiling  Point 

Amount  (in  '’h  of  the  total  weight  of  all  fractions) 

1 

40  -50* 

1  -  2 

2 

78-95 

5  -  8 

3 

95-100 

1  -  3 

4 

105-110 

45  -  50 

5 

112-116 

6  -  8 

6 

126-135 

30  -40 

-CHjOCOCHj 
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The  4th  fraction  (b.p.  105 -110*  at  2  mm.  m.p.  42-43*)  Is  <j-acetoxyhexahydroacetophenone  (II)  • 

Of  e^ciaUy  great  interest  to  us  was  establishment  of  the  stmcture  of  the  substances  contained  in  the  lower 
belling  fractions,  inasmuch  as  this  could  be  helpful  in  elucidating  the  mechanism  of  the  process  being  studded. 

Preliminary  investigation  revealed  that  the  first  3  fractims,  boiling  from  40  to  100*  (2  mm),  show  the  react¬ 
ions  specifre  for  aldehydes*,  the  characteristic  coloration  with  SC)|  decolorized  fuchsin  (Schiff’s  reagent),  the  form¬ 
ation  of  a  silver  mirror  when  treated  in  the  cold  with  an  ammonlacal  silver  oxide  solution,  and  the  deposition  of 
'yellow  cuprous  oxide  when  reacted  in  the  cold  with  Fehling  solution. 

The  character  of  the  staining,  obtained  in  the  treatment  with  acid  fuchsin  (Schiff's  reagent),  was  different  for 
the  1st,  2nd  and  3rd  fractions:  the  1st  fraction  gave  an  intense  crimson,  the  2nd  fraction  gave  an  intense  violet, 
while  the  3rd  fraction  gave  a  color  analogous  to  the  preceding  but  considerably  weaker.  Consequently,  it  could 
be  assumed  that  different  aldehydes  are  present  in  the  1st  and  2nd  fractions:  the  3rd  fraction,  possibly,  is  a  mixture 
of  the  aldehyde  present  in  the  2nd  fracticHi  and  cu-acetoxyhexahydroacetophenone  (or  some  other  compound,  not 
possessing  aldehyde  properties) . 

For  the  sake  of  ctmvenlence  the  aldehyde  from  the  1st  fraction  in  the  future  will  be  designated  as  aldehyde  A, 
while  the  aldehyde  from  the  2nd  fraction  will  be  called  aldehyde  B.  In  asmuch  as  in  the  Investigated  reaction 
aldehyde  B  is  obtained  in  considerably  larger  amount(5-8  ^  on  the  total  amount  of  all  of  the  fractions)  than  is  alde¬ 
hyde  A  (1  -2^),  we  began  to  study  the  secondary  products  from  this  substance. 

Analysis  of  the  semicaibazone  of  aldehyde  B  (m.p.  208-209*  with  decomp:..)  revealed  that  aldehyde  B  has 
the  empirical  formula  C^H^O.  The  analysis  results  for  the  2,4  '-dinitrc^henylhydrazone  and  thiosemicarbazone  also 
support  this  formula. 

It  could  be  assumed  that  aldehyde  6  conesponds  to  one  of  the  following  structural  formulas*. 


or  as  the  result  of  possible  displacement  of  the  double  bond  the  latter  could  also  be  found  in  some  other  part  of  the 
molecule. 

Of  the  semicarbazones  of  the  above  depicted  aldehydes,  in  the  literature  are  described:  the  semicarbazone  of 
cycltdtexylideneacetaldehyde  with  fih*.p.  205*  [4],  210* [5],  and  the  semicarbazone  of  -cyclcdiexeneacet alde¬ 

hyde  with  m.p,  17T[5].  186*  [4]. 

From  this  it  follows  that  aldehyde  B  is  apparently  cyclcdiexylideneacetaldehyde  (111).  In  addition,  the  ultra¬ 
violet  absorption  spectra  taken  of  aldehyde  B  and  its  semicarbazrme*  had  the  same  /disorption  bands  as  are  given 
in  the  literature  [4,  5]  for  cyclohexylideneacetaldehyde  and  its  semicarbazone,  and  which  are  specifically  charac¬ 
teristic  for  a.B  -unsaturated  carbonyl  compounds  (see  experimental  part). 


(UI)  (IV)  (V) 


The  oxidation  of  aldehyde  B  with  silver  oxide  in  alkaline  medium  gave  two  acids;  one  of  them  was  crystal¬ 
line  (m.p.  91-92*  amide,  m.p.  146.5-147.5*).  These  data  completely  agree  with  the  melting  points  of  cyclohex - 
ylideneacetic  acid  and  its  amide  [6].  Mixtures  of  these  substances  with  authentic  cyclohexylideneacetic  acid  (IV) 
and  its  amide  failed  to  show  a  melting  point  depression.  The  other  acid,  liquid,  was  isolated  in  extremely  small 
amount  (amide.  m.p.  186-187*).  We  were  unable  to  study  this  substance  in  greater  detail. 

The  cyclohexylideneacetaldehyde  (III)  synthesized  by  us  [5]  gave  with  acid  fuchsin  (Schiff’s  reagent)  the 
same  intense  violet  color  as  aldehyde  B.  The  semicarbazone  (m.p.  208-209*)  failed  to  give  a  melting  point  depres¬ 
sion  with  the  semicarbazone  of  aldehyde  B. 

In  the  literature  [3]  this  substance  is  described  as  a  liquid,  which  is  possibly  due  to  its  bein^  insufficiently  pure. 

•  • 

Yu.  N.  Sheinker  participated  in  the  study  of  the  ultraviolet  absorption  spectra. 
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As  the  result  of  oxidizing  pure  cyclohexylideneacetaldehyde  with  silver  oxide  in  alkaline  medium  we 
obtained  only  the  pure  cyclohexylideneacetic  acid  with  a  good  melting  point.  Consequently,  the  liquid  acid, 
whose  amide  had  m.p.  186-187*,  could  not  be  obtained  by  the  oxidaticm  of  cyclohexylideneacetaldehyde.  In  all 
probability  it  was  present  as  the  oxidation  product  of  some  substance,  found  as  impurity  in  the  given  fractimi  in 
very  small  amounts  (for  mote  details  <hi  this  acid  see  below). 

As  a  result,  it  was  shown  that  in  the  reaction  for  the  transformation  of  1,1-pentamethyleneglycerol  2,3 -di¬ 
acetate  into  a;-acetoxyhexahydroacetophenone  the  simultaneous  famatlon  of  cyclohexylideneacetaldehyde  also 
occurs. 

Aldehyde  A  was  obtained  in  extremely  small  amount  when  compared  with  the  other  substances.  Ju(^ng  from 
the  analysis  of  it^  semicarbazone  (m.p.  156-157*),  aldehyde  A  has  the  empirical  formula  C|H|40,  which  dlffen 
from  the  fcxmula  for  aldehyde  B  by  only  2  hydrogen  atoms.  Proceedii^  &om  this,  we  postulated  that  aldehyde  A 
is  cyclohexylacetaldehyde  (V),  which  was  formed  by  the  reduction  of  cyclohexylideneacetaldehyde.  The  latter  is 
completely  possible  under  the  experimental  conditions,  inasmuch  as  in  the  teacticm  mixture  together  with  the  zinc 
dust  there  is  always  present  some  free  acetic  acid  formed  In  the  reaction  process. 

The  literature  data  on  the  melting  point  of  cyclohexylacetaldehyde  semicarbazone  are  quire  contradictory 

[8-12]. 

To  demonstrate  the  identity  of  aldehyde  A  vrith  cyclohexylaceuldehyde  we  hydrogenated  the  semicarba- 
zcae  of  the  cycldiexylideneacetaldehyde  at  our  disposal.  The  obtained  semicarbazcme  of  the  saturated  aldehyde 
had  the  same  crystal  form  as  the  semicarbazone  of  aldehyde  A.  it  melted  at  157-158*  and  failed  to  give  a  melting 
point  depressicMi  when  mixed  with  the  semicarbazone  from  aldehyde  A. 

The  3rd  fraction  (b.p.  95-100*  at  2  mm)  failed  to  crystallize  when  seeded  with  u)-acetoxyhexahydroacetophen- 
one  and,  possibly,  is  a  mixture  of  the  latter  with  aldehyde  B. 

Actually,  the  oxidation  of  the  3rd  fraction  with  silver  oxide  in  alkahne  medium  led  to  the  formation  of 
a  mixture  of  cyclohexylideneacetic  acid  (m.p.  90-91*)  and  a  liquid  acid,  the  amide  of  which  had  m.p.  186-187* 
and  which  failed  to  give  a  melting  point  depression  when  mixed  with  the  amide  of  the  acid  obtained  firom  the 
liquid  portion  of  the  oxidation  product  from  aldehyde  B  (see  above),  and  which  proved  to  be  identical  with  the 
amide  of  hexahydrobenzoic  acid. 


Inasmuch  as  we  had  established  earlier  that  hexahydrobenzoic  acid  ix  predominantly  formed  in  the  oxidaticMi 
of  a^acetoxyhexahydroacetophenone  under  these  conditions  [17],  then  undoulnedly  the  3rd  fraction  is  intermedi¬ 
ate  and  constitutes  a  mixture  of  cyclc^xylideneacetaldehyde  and  o^acetoxyhexahydroacetophenone. 


Analysis  of  the  5th  fraction  (b.p.  113-114.5*  at  3  mm)  revealed  that  it  is  devoid  of  carbonyl  groups  and  that 
it  has  the  empirical  formula  Cu^s^a*  labile  hydrogen  is  absent.  Molecular  weight  226.  Proceeding  from  these 
data,  it  could  be  assumed  that  this  substance  is  the  dehydration  product  of  1,1-pentamethyleneglycerol  2,3 -diacet¬ 
ate,  which  under  the  observed  reaction  ccmditions  is  fully  permissible.  The  fact  that  the  xylene  distilled  off  during 
the  course  of  the  reaction  was  always  slightly  cloudy,  even  though  we  todi  complete  measures  each  time  to  pre- 
\ent  the  entrance  of  moJs  ture  into  the  reacticm  sphere,  can  serve  as  some  support  for  this  assumption. 


The  dehydration  of  the  starting  1,1-pentamethyleneglycerol  2,3 -diacetate  can  proceed  in  two  directions  with 
the  formation  of  the  unsaturated  diacetates  (VI)  and  (VII): 


aCH  -CI%OCOCI% 

OCOCH, 

(VI) 


OC  -CHjOCOCH, 

OCOCH, 

(VU) 


Numerous  attempts  to  demonstrate  the  presence  of  a  double  bond  in  this  substance  by  the  method  df  catalytic 
hydrogenation  proved  unsuccessful.  However,  this  fact  still  does  not  indicate  the  absence  of  a  double  bond,  insofar 
as  it  is  known  that  certain  unsaturated  compounds,  in  which  both  of  the  carbon  atoms  of  the  double  bond  are  sub¬ 
stituted,  under  ordinary  conditions  are  hydrogenated  with  extreme  difficulty  or  not  at  all  [13].  Attempts  to  bromin- 
ate  the  compound  also  proved  unsuccessful.  In  the  bromlnation  reaction  the  evolutlcxi  of  hydrogen  bromide  was  ob¬ 
served.  The  obtained  product  proved  to  be  a  liquid  that  decomposed  when  distillatioa  was  attempted.  Analysis  of 
the  product  revealed  it  to  be  a  mixture  of  dlbromide  and  monobromide. 

However,  saponification  of  the  5th  fi:actl<Hi  with  alcoholic  potassium  hydroxide  solution  gave  a  crystalline 
substance  with  m.p.  52 -52.8*.  Analysis  of  diis  substance  revealed  that  it  contains  2  hydroxyl  grohps  and  has  the 
empirical  formula  C,1^4(\.  Consequently,  sapcmlfication  resulted  in  the  cleavage  of  two  acetyl  groups. 
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From  its  structure  the  (ditained  diol  (m.p.  52-52.8*)  should  correspmd  to  one  of  the  two  structural  formulas 
(VIII)  or  (IX): 


aCH  -CHjOH 

OH 

(VIII) 


OC-CH,OH 
OH 


CO  -CHjOH 


(IX) 


If  the  product  obtained  by  saponification  had  the  structure  depicted  by  formula  (IX),  then  it  should  enter  into 
the  reactions  characteristic  for  its  ketone  form  and  should  give  the  corresponding  phenylhydrazone  or  osazone.  How¬ 
ever,  we  were  unable  to  obtain  these  derivatives.  From  this  it  follows  that  the  given  diol  is  -cyclohexenylethyl - 
ene  glycol  (VIII). 

To  confirm  the  indicated  postulaticm  this  compound  was  oxidized  with  periodic  acid.  Exactly  1  mole  of  period¬ 
ic  acid  was  ccHisumed  in  the  oxidation.  From  the  reaction  solution  there  were  isolated  formaldehyde,  as  the  dimedon 
derivative  (m.p.  188-189*),  and  2,3,4.5-tetrahydrobenzaldehyde,  characterized  as  the  semicarbazone  (m.p.  212-213*) 
[14.  15]. 

Consequently,  the  diol  (m.p,  52-52,8*)  has  the  structure  ^ -cyclohexenylethylene  glycol  (VIII),  while  the  sub¬ 
stance  composing  the  5th  fraction  has  the  structure  of  its  di acetyl  derivative  (VI). 


EXPERIMENTAL* 

Transformation  of  1,1 -Pentamethyleneglycerol  2 , 3 -Di  acetate  [2]  by  Heating  with 
Zinc  Dust. 

In  a  four -necked  flask,  fitted  with  a  brass  anchor-ij'pe  stirrer  (cut  exactly  to  fit  the  bottom  of  the  flask),  ther¬ 
mometer  and  fractionation  column,  connected  to  a  descending  air  condenser,  was  placed  1600  ml  of  pure  dry 
xylene  (b.p.  137-141*).  With  vigorous  stirring  into  the  flask  there  was  introduced  300  g  of  zinc  dust,  which  had 
been  previously  activated  by  shaking  twice  with  900  ml  of  2 hydrochloric  acid,  then  rapidly  washed  with  water, 
alcohol,  anhydrous  alcohol,  and  dried  at  100*  under  a  vacuum  of  2-2.5  mm  over  phosphoric  anhydride  for  2-3  hours. 

The  mixture  of  xylene  and  zinc  dust  was  heated  to  the  boiling  point  of  xylene  and  the  xylene  was  partially 
distilled  off  to  assure  an  anhydrous  medium  for  the  reaction.  After  cooling  the  mixture  down  to  90-100*  a  solution 
of  29.75°g  of  1,1 -phntamethyleneglycerol  2,3-dlacetate  in  anhydrous  xylene  was  introduced  into  the  flask,  and  the 
reaction  mass  was  held  for  5-6  hours  at  the  boiling  point  of  xylene  with  constant  stirring.  For  removal  from  the 
reaction  sphere  of  the  acdtic  acid  formed  by  clfeaVage  in  the  reaction  a  periodic  slow  distillation  was  made  during 
the  whole  cottirse  of  the  reaction  to  remove  a  mixture  of  xylene  and  acetic  acid  **  through  the  fractionation  column 
the  rate  of  removal  being  approximately ‘20 -30  ml  every  half  hour.  The  amount  of  acetic  acid  in  the  distillate 
fractions  was  determined  by  titration  with  0.1  N  sodium  hydroxide  solution. 


Time  (in  hours  from  the  start 


of  the  reaction) . 

Milliliters  of  0.1  N  NaOH  re- 

.  0.5 

1 

1.5  2 

2.5  3  3.5  4 

4.5  5 

qulred  for  titration . 

.  0.5 

0.5 

2.2  9 

12  16  12  25 

7.1  6 

The  total  amount  of  titrated  acetic  acid  was  approximately  Itf^  of  the  theoretical  based  on  reacted  penta 

methyleneglycerol  diacetate. 

Toward  the  end  of  reaction  the  zinc  dust  aggregated  into  lumps,  which  made  stirring  difficult.  After  cool¬ 
ing  the  reacticxi  mass,  the  zinc  dust  was  filtered  and  washed  several  times  on  the  filter  with  pure  xylene.  The  com¬ 
bined  filtrate  was  washed  with  2*^  sulfuric  acid,  water,  soda  soluticxi,  water,  and  dried  over  anhydrous  sodium  sul¬ 
fate,  After  removal  of  the  xylene  the  residue  was  subjected  to  fracticxial  distill atirxi  in  vacuo  at  2  mm.  The 
following  fractions  were  obtaned:  Ist,  b.p,  40-50*,  0.4  g;  2nd,  b.p.  78-95*,  1.45  g;  3rd.  b.p.  95-100*,  0.7  gr 
4th,  b.p.  105-110*.  10.83  g;  5th,  b.p.  112-116*.  1.4  g;  6th,  b.p,  126-135*.  7.67  g. 

For  further  investigation  the  fractions  were  redistilled. 

1st  Fraction,  B.  p.  48-50°  (1.5-2  mm).  Aldehyde  A  . 

The  quite  mobile  colorless  Liquid  gives  the  characteristic  intense  crimson  color  with  acid  fuchsin  (Schiff’s 
reagent);  forms  the  silver  mirror  when  reacted  in  the  cold  with  an  ammoniacal  silver  oxide  solution;  separates 
a  yellow  deposit  of  cuprous  oxide  when  reacted  in  the  cold  with  Fehling  solution. 

•  All  of  the  given  melting  points  are  corrected; 

-The  azeotropic  mixture  of  in -zylene  and  acetic  acid,  containing27.5‘'/o acetic  acid,  boils  at  115.4*. 
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The  Semicarbftgone  of  Aldehyde  A  is  obtained  as  glistening  colorless  plates.  After  leciystallization  from 
dilute  ethyl  alcohol,  m.p.  156-157*. 

4.411  mg  substance:  9.601  mg  COj;  3.651  mg  H2O.  4.628  mg  substance:  10.011  mg  CO2; 

3.728  mg  H2O.  3.100  mg  substance:  0.647  ml  N2  (27*.  734  mm). 

Found  ^  :  C  59.39,  59.03;  H  9.26,  9.01;  N  22.92 
CjHjtONj  Calculated  :  C  58.99;  H  9.35  N  22.93. 

Hydrogenation  of  CycUriiexylldeneacetaldehyde  Semicarbazone.  A  solution  of  0.1385  g  of  cyclohexyUdene- 
acetaldehyde  semicarbazone  (see  below  for  [ueparatlfMi)  in  anhydrous  alcohol  was  hydrogenated  in  the  presence 
a  skeletal  nickel  catalyst  at  room  temperature  and  atmospheric  pres  sure.  The  hydrogenatitm  was  terminated  after 
the  absorption  of  1,05  moles  of  hydrogen  (20  ml  at  20*  and  744  mm).  The  catalyst  was  filtered  from  the  solution 
and  washed  with  alcohol.  After  removal  of  the  solvent  there  was  obtained  0.125  g  of  cyclohexylacetaldehyde 
semicarbazone,  which  after  recrystallizatiOT  from  50^  ethanol  melted  at  157-158*. 

From  the  literature,  m.p.  153*[8].  162*[9].  132 .5 -133 .5* [10],  162- 163* [11],  157-159* [12]. 

The  semicarbazone  of  cyclohexylacetaldehyde  had  the  same  properties  and  crystal  form  under  the  microscope 
as  the  semicarbazone  of  aldehyde  A,  and  failed  to  give  a  melting  point  depressicn  when  mixed  with  it. 

2nd  Fraction,  B.  p.  76-80* (2  mm),  .Aldehyde  B. 

A  fairly  mobile  colculess  liquid  with  a  characteristic  aldehyde  odor.  Gives  the  characteristic  intense  violet 
color  with  acid  fuchsin  (Schiff's  reagent);  fcnms  the  silver  mirror  when  reacted  in  the  cold  with  ammoniacal  silver 
oxide  solution;  separates  a  yellow  deposit  of  cuprous  oxide  when  reacted  in  the  cold  with  Fehling  solution. 

The  Semicarbazone  of  Aldehyde  B  is  obtained  as  fine  white  crystals.  After  recrystallizatiwi  from  dilute 
alcohol,  m.p.  208-209*  (decompn.). 

3.518  mg  substance:  7.687  mg  CO2;  2.590  mg  H2O.  3.720  mg  substance:  8.079  mg  CO2; 

2.760  mg  H2O.  2.810  mg  substance:  0.592  ml  N2  (23*.  733  mm). 

Found‘d:  C  59.63,  59.27;  H  8.23,  8.30;  N  23.45. 

CjHuON,.  Calculated^;  C  59.64;  H  8.34  N  23.20. 

The  ultraviolet  absorption  spectra  of  aldehyde  B  and  its  semicarbazone  (in  alcdiol)  are  characterized  by 
the  following  absorption  bands:  *  f(u  the  aldehyde  2400  A;  for  the  semicarbazone  X^j^  2730  A  [4,5]. 

2,4-Dinitrophenylhydrazone  of  Aldehyde  B.  To  0.4  g  of  2,4-dlnitrophenylhydrazine,  dissolved  in  0.8  ml  of 
warm  concentrated  sulfuric  acid,  was  added  8  ml  of  anhydrous  ethyl  alcohol  and  an  alcohol  solution  of  0.25  g  of 
the  aldehyde.  On  cooling ,  the  2,4 -dinitrophenylhydrazone  precipitated  immediately  as  glistening  red  plates,  which 
were  filtered  and  washed  with  alcohol.  After  recrystallization  from  a  mixture  of  alcdiol  and  ethyl  aceute,  m.p. 
200-200.5*. 

3.093  mg  sub.:  0.506  ml  Nj  (23*.  733  mm).  Found  <%:  N  18  21.  C14H18O4N4.  Calculated  N  18,41. ' 

Thiosemicarbazone  of  aldehyde  B.  To  0.5  g  of  aldehyde  B  was  added  a  saturated  aqueous  solution  of  0.4  g  of 
thiosemicarbazide.  On  cooling,  the  thiosemicarbazone  separated  as  glistening  colorless  plates.  After  recrystallization 
from  65«fo  alcohol,  m.p.  166*. 

4.350  mg  sub.:  5.179  mg  BaS04.  2.787  mg  sub.:  0.530  ml  Nj  (23*.  739  mm).  Found  %  S  16.36;  N  21.34. 

CjHjNjS.  Calculated  S  16.26;  N  21.29. 

Oxidation  of  aldehyde  B.  To  a  solution  of  1.56  g  of  the  aldehyde  in  10  ml  of  alcohol  was  added  50  ml  of  water. 
To  the  obtained  emulsion  was  added  a  solution  of  5.13  g  of  silver  nitrate  in  21  ml  of  water  and  then  in  small  portions 
with  stirring  a  solution  of  2.85  g  of  sodium  hydroxide  in  24  ml  of  water  was  added.  After  addition  of  all  of  the  alkali 
the  stirring  was  continued  for  another  half-hour,  until  the  solution  over  the  precipitate  had  become  completely  clear. 
The  precipitate  was  filtered  and  washed  with  hot  water.  The  filtrate  and  wash  waters  were  extracted  with  ether  to  re¬ 
move  neutral  impurities,  after  which  the  water  layer  was  acidified  with  dilute  hydrochloric  acid  until  acid  to  Congo 
and  exhaustively  extracted  with  edier.  The  ether  solution  was  dried  over  anhydrous  sodium  sulfate. 

After  removal  of  the  solvent,  there  was  obtained  0.85  g  of  acidic  substance,  which  almost  completely  crystal¬ 
lized  as  long  stout  needles.  The  oxidation  product  always  contained  a  certain  amount  of  liquid  (see  below).  The 

*  A  "Hilgpr*  quartz  spectrograph  (middle  model)  was  used  to  take  the  absorption  spectra.  An  MF-2  microphotometer 
was  used  for  the  photometric  measurements. 
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crystalline  acid  was  pressed  on  porous  plate  and  then  recrystallized  twice  from  50%  methanol;  m.p.  91-92*,  The 
acid  is  readily  soluble  in  alcohol,  chloroform,  acetone,  benzene,  ether  and  sodium  bicarbonate  solution;  insoluble 
in  water. 

3.589  mg  sub.:  9.054  mg  COj;  2.749  mg  H^O.  3.879  mg  sub.:  9.722  mg  CO^;  2,960  mg  H2O.  64,0  mg  sub.; 

4,5  ml  0,1  N  NaOH.  Found  %:  C  68.84.  68.25;  H  8.57,  8.54.  M  142,  CgH^Oz.  Calculated  %;  C  68.54; 

H  8.62.  M  140. 

Amide  of  the  crystalline  acid.  A  benzene  solution  of  0.5  g  of  the  obtained  acid  with  m.p.  91-92*  was  added 
dropwise  to  a  benzene  solution  of  2.13  g  of  thionyl  chloride.  The  mixture  was  kept  at  room  temperature  for  1  hour, 
after  which  it  was  heated  at  50-60*  for  1  hour.  After  cooling,  the  excess  thionyl  chloride  together  with  benzene  was 
distilled  in  vacuo  at  20-25* 

Into  a  flask  with  anhydrous  benzene  was  passed  dry  ammonia  and  simultaneously  a  benzene  solution  of  the 
acid  chloride  of  the  acid  was  added  dropwise.  The  deposited  crystals  were  filtered  and  washed  with  water  to  remove 
ammonium  chloride.  From  the  benzene  filtrate  after  distilling  off  the  benzene  there  was  obtained  antadditional 
small  amount  of  the  amide.  A  total  of  0.465  g  of  amide  was  obtained,  which  after  2  recrystallizations  from  hot 
water  had  m.p.  146.5-147.5*  The  amide  of  the  acid  was  obtained  as  glistening  colorless  plates;  soluble  in  alco¬ 
hol.  acetone  and  chloroform,  difficultly  soluble  in  benzene,  insoluble  in  water  and  ether. 

3.346  mg  sub.:  8.489  mg  CO2;  2.808  mg  H2O.  3.545  mg  sub.:  8.963  mg  CO^;  2.973  mg  H2O.  5.493  mg 

sub.:  0.552  ml  Nj  (24*.  723  mm).  4.800  mg  sub.:  0.442  ml  N2  (22*.  730  mm).  Found  %  C  69.23.  69,00; 

H  9.39.  9.38;  N  9.80,  9.78.  CgHisON.  Calculated  %c  C  69.03;  H  9.41;  N  10.06. 

Amide  of  the  liquid  acid.  A  small  amount  of  liquid  acid  was  extracted  from  the  porous  plate,  from  which 
the  amide  was  obtained  by  die  method  described  above.  After  recrystallization  from  benzene  there  were  obtained 
colorless  platelike  crystals  with  m.p.  186-187*.  The  substance  is  soluble  in  chloroform,  alcohol,  and  on  heating 
in  benzene;  insoluble  in  water,  ether  and  acetone. 

Cyclohexlldeneacetic  acid  (IV)  was  synthesized  from  cyclohexanone  and  ethyl  bromoacetate  through 
l-hydroxycyclohexaneacetic  acid  [7]  and  had  m.p.  91-92*;  the  amide  of  this  acid  melted  at  146.5-147,5*. 
Cyclohexylideneacetic  acid  and  its  amide  failed  to  show  a  melting  point  depression  when  mixed  with  the  solid 
acid  obtained  from  the  oxidation  of  aldehyde  B.  and  with  its  amide. 

Cyclohexylideneacetaldehyde  (III),  which  was  synthesized  from  1-vinyl-l-cyclohexanol  through  cyclohexy- 
lidenethyl  alcohol  [5],  had  the  same  characteristic  odor  as  aldehyde  B,  and  gave  an  intense  violet  color  with  acid 
fuchsin  (Shiff  s  reagent). 

The  semicarbazone  of  cyclohexylideneacetaldehyde  melted  at  208-209*  (decomposition)  and  failed  to  show 
a  melting  point  depression  when  mixed  with  the  semicarbazone  from  aldehyde  B. 

The  oxidation  of  cyclohexylideneacetaldehyde  with  silver  oxide  in  alkaline  medium,  under  exactly  the  same 
conditions  as  for  the  oxidation  of  aldehyde  B,  gave  pure  completely  crystalline  cyclohexylideneacetic  acid  with 
m.p,  89-90*.  After  recrystallization  from  50%  methanol,  m.p.  91-92*. 

3rd  fraction,  b.p.  95-100*  (2  mm). 

This  fraction  was  a  clear  colorless  liquid  and  gave  a  faint  violet  color  with  acid  fuchsin  (Schiff  s  reagent). 

Oxidation  of  the  3rd  fraction.  1.1  g  of  substance  was  oxidized  with  silver  oxide  in  alkaline  medium  under 
the  conditions  described  above  for  theoxxidation  of  aldehyde  B.  After  removal  of  the  solvent  there  was  obtained 
0.62  g  of  acidic  substance,  which  on  cooling  partially  crystallized.  The  crystals,  separated  from  the  liquid  phase 
and  recrystallized  from  aqueous  methanol,  melted  at  91-92*  and  failedlto  give  a  melting  point  depression  when 
mixed  with  cyclohexylideneacetic  acid. 

From  0.5  g  of  the  liquid  oxidation  product  there  was  obtained  0.42  g  of  the  amide,  which  after  recrystalli¬ 
zation  from  benzene  had  m.p.  186-187*.  A  test  with  potassium  permanganate  solution  revealed  that  the  amide 
is  saturated. 

3.816  mg  sub.;  9.262  mg  CO2;  3,431  mg  H2O.  4.001  mg  sub.;  9  731  mg  COg;  3.617  mg  H2O.  7.103  mg  sub.; 

0.696  ml  N2  (21*.  742  mm).  Found  %  C  66.24.  66.37-  H  10.06,  10,11;  N  11.11.  CtHuON.  Calculated  %- 

C  66.11;  H  10.30:  N  11.02. 

The  isolated  amide  failed  to  give  a  melting  point  depression  when  mixed  with  the  amide  of  the  acid  obtained 
in  very  small  amount  from  the  oxidation  of  aldehyde  B.  and  also  with  the  known  amide  of  hexahydrobenzoic  acid. 
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4th  fraction,  b.p.  105-110*  (2  mm). 

The  fourth  fraction  was  u-acetoxyhexahydroacetophenone.  A  fairly  mobile  colorless  liquid,  readily  solu¬ 
ble  in  the  common  organic  solvents:  alcohol,  ether,  acetone,  benzene,  chloroform  and  ethyl  acetate,  insoluble 
in  water.  After  redistillation,  b.p,  103-104*  (2  mm). 

From  the  literature  [3]:  b.p.  100-101*  (1  mm),  n^  1,4630,  d^^  1.052,  MRp  48.20;  calculated  47.85. 

After  a  short  time,  the  w-acetoxyhexahydroacetophenone  completely  crystallized.  Long  needles,  m.p, 

42-43*. 

4.089  mg  sub.;  9.779  mg  CO^;  3.119  mg  H2O.  4.790  mg  sub.:  ,11.485  mg  COj;  3,619  mg  HjO,  13,699  mg 
sub.:  0.45  ml  CH4  (21*.  747  mm).  13.720  mg  sub,:  0.46  ml  CH4  (21*,  747  mm).  Found  C  65.26,  65,43; 

H  8.53.  8.45;  active  H  0.13,  0.14,  Ci,Hi,Os.  Calculated  %  C  65.20;  H  8.75;  active  H  0.00. 

Semicarbazone  of  tu-acetoxyhexahydroacetophenone  —  long  thin  needles.  After  recrystallization  frorto  50^ 
ethyl  alcohol,  m.p.  149-150*. 

From  the  literature  [3]:  m.p,  149-150*. 

2,981  mg  sub.:  5,995  mg  CO2;  2,092  mg  HjO.  4.525  mg  sub.;  0.699  ml  N2  (20*,  732  mm).  Found  % 

C  54.88;  H  7.85;  N  17.33.  CnHuOsNs.  Calculated  «loi  C  54.75;  H  7.94;  N  17.40. 

2.4- Dinitrophenylhydrazone  of  cu-acetoxyhexahydroecetophenone.  Acetoxyhexahydroaceto{^enone  (0,2  g) 
was  dissolved  in  glacial  acetic  acid  and  to  the  solution  was  added  0.216  g  of  2,4-dinitrophenylhydrazine.  The  mix¬ 
ture  was  heated  and  then  allowed  to  stand  for  12  hours  at  room  temperature.  After  distilling  off  the  acetic  acid 

in  vacuo  there  were  obtained  fine  yellow  crystals,  which  after  2  recrystallizations  from  alcohol  had  m.p.  1305  V131*, 

2.770  mg  sub.:  0.379  ml  N2  (21.5*.  730  mm).  Found  %  N  15.22.  Ci6H2jQ|N4,  Calculated  N  15.38. 

cu- Hydroxyhexahydroacetophenone.  To  2,37  g  of  w-acetoxyhexahydroacetophenone  was  added  an  alcohol 
solution  of  1.35  g  of  potassium  hydroxide,  and  the  mixture  stood  for  12-14  hours  at  room  temperature.  Then  the 
alcohol  was  distilled  off,  the  reaction  mass  poured  into  water,  and  extracted  with  ethyl  acetate.  After  removal 
of  the  solvent  there  was  obtained  1.06  g  of  w-hydroxyhexahydroacetophenone  with  b.p.  95-97*  at  4  mm. 

From  the  literature  [16]:  b.p.  95*  (4  mm). 

2.4- Dinitrophenylosazone  of  ui-hydroxyhexahydroacetophenone.  2,4-Dinltrophenylhydrazine  (1.63  g)  was 
dissolved  in  3  ml  of  warm  concentrated  sulfuric  acid.  To  the  obtained  solution  were  added  20  ml  of  anhydrous 
ethyl  alcohol  and  an  alcohol  solution  of  0.53  g  of  w-hydroxyhexahydroacetophenone.  and  the  mixture  was  brought 
up  to  the  boil.  Yellowish  red  crystals  were  obtained  on  cooling,  which  were  washed  with  alcohol.  The  substance 
is  insoluble  in  both  the  ordinary  organic  solvents  and  in  water.  After  recrystallization  from  nitrobenzene  the  2,4- 
dinitrophenylosazone  had  m.p,  259-260*  (decomposition). 

2.994  mg  sub.:  5.279  mg  COg;  1.111  mg  H2O.  3.401  mg  sub.:  6.009  mg  CO^;  1.269  mg  H2O.  3.743  mg 
sub.:  0.743  ml  Nj  (22*.  726  mm).  Found  C  48.11.  48.22;  H  4.15,  4.18;  N  21.93.  C2|H2,OkN|.  Cal¬ 
culated  Ota  C  47.99;  H  4.03;  N  22.39, 

5th  fraction,  b.p,  112-116*  (2  mm).  The  mobile  colorless  and  odorless  liquid  is  readily  soluble  in  the  ordin¬ 
ary  organic  solvents  and  insoluble  in  water. 

B.p.  113-114,5*  (3  mm),  nj)’®  1.4692.  d?'*  1.076,  MRd  58.58;  calculated  88.26. 

4.740  mg  sub.:  11.030  mg  COj:  3.375  mg  H2O.  4.101  mg  sub.:  9.603  mg  CQj;  2.940  mg  H^O,  16,53  mg 
sub,:  0.36  ml  CH4  (19*.  747  mm).  10,80  mg  sub.:  103.3  mg  camphor;  At  18.7*.  Found  C  63.50,  63,90; 

H  7.97.  8.02;  active  H  0.088.  M  224.  CijHuOSj.  Calculated  %:C63.70;  H  8,02;  active  H  0,00.  M  226. 

Bromination  of  the  5th  fraction.  To  a  solution  of  0.45  g  of  the  substance  in  carbon  tetrachloride  was  cau¬ 
tiously  added  with  cooling  a  solution  of  0.102  ml  of  bromine  in  carbon  tetrachloride.  Decolorization  proceeded 
slowly  and  some  evolution  of  hydrogen  bromide  was  observed.  After  distilling  off  the  solvent  we  found  that  the 
product  could  not  be  distilled  without  decomposition. 

7.579  mg  sub.:  5.982  mg  AgBr.  Founds  Br  33,59.  CuHiTQiBr.  Calculated*^  Br  26,19.  CuHij04Br2, 
Calculated  %  Br  41.40. 

Saponification  of  the  5th  fraction.  To  an  alcohol  solution  of  1.18  g  of  the  substance  was  added  an  alcohol 
solution  of  0.7  g  of  potassium  hydroxide.  After  12-14  hours,  the  mixture  turned  yellow.  At  first  the  odor  of  ethyl 
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acetate  was  detected,  which  soon  vanished.  The  alcohol  from  the  reaction  mixture  was  distilled  in  vacuo  at  room 
temperature,  and  water  was  added  to  the  residue.  The  obtained  solution  was  filtered  and  thoroughly  extracted  with 
ethyl  acetate.  After  drying  over  anhydrous  sodium  sulfate  and  distilling  off  the  solvent  there  remained  0.567  g 
of  an  oil,  which  completely  crystallized  on  cooling;  m.p.  44*49*,  After  recrystallization  from  petroleum  ether 
(b.p.  50-70")  the  substance  was  obtained  as  very  fine  long  needles,  m.p.  52-52.8*. 

The  obtained  substance  is  extremely  soluble  in  the  ordinary  organic  solvents  and  in  water,  insoluble  in  the 
cold  in  petroleum  ether. 

3.246  mg  sub.:  8.045  mg  CO*;  2.989  mg  HjO.  4.151  mg  sub.:  10.254  mg  COi;  3.639  mg  H^O,  6.275  mg 
sub.:  2.06  ml  CH4  (19".  763  mm).  5.801  mg  sub.:  1.90  ml  CH4(19".  763  mm).  Found  <%e  C  67.64,  67.41; 

H  10.30.  9.81;  active  H  1,38.  CiH^Oi,  Calculated  C  67.57j  H  9.93;  active  H  1,4. 

A  precipitate  of  neither  the  hydra  zone  nor  die  osazone  is  obtained  when  this  substance  is  reacted  with  2,4- 
dinitropbenylhydrazine  in  the  usual  manner. 

Periodic  acid  oxidation  of  the  substance  with  m.p.  52-52.8*.  Two  experiments  were  performed:  a)  to  de¬ 
termine  the  consumption  of  periodic  acid,  and  b)  to  isolate  the  oxidation  products. 

a)  To  0.0284  g  of  the  substance,  dissolved  in  a  small  amount  of  water,  was  added  5  ml  of  periodic  acid  so¬ 
lution  containing  0.05056  g  of  HIO4.  After  1.5  hours,  to  the  solution  was  added  150  mg  of  sodium  bicarbonate, 

5  ml  of  0.05  N  sodium  arsenlte  solution,  and  0.4  ml  of  a  20<%  potassium  iodide  solution.  After  10  minutes,  the  ex¬ 
cess  arsenite  was  back  titrated  with  0.05  N  iodine  solution. 

2.8  ml  of  0.05  N  iodine  solution  was  used  for  the  back  titration,  which  is  equivalent  to  0.0107  g  of  HIO4; 
consequently,  the  amount  of  reacted  periodic  acid  was  0.0399  g.  The  theoretical  amount  of  periodic  acid  required 
for  the  oxidation  of  two  adjacent  hydroxyl  groups  is  0.0384  g. 

b)  To  0.0853  g  of  the  substance  with  m.p.  52-52.8*  in  a  small  amount  of  water  was  added  12  ml  of  per¬ 
iodic  acid  solution  containing  0.1213  g  of  HIO4.  A  characteristic  odor,  reminiscent  of  the  odor  of  benzaldehyde, 
immediately  appeared.  The  mixture  was  kept  at  room  temperature  for  1.5  hours,  after  which  it  was  exhaustively 
extracted  with  ether.  The  ether  solution  was  washed  with  dilute  sodium  bicarbonate  solution,  dried  over  anhydr- 
out  sodium  sulfate,  the  ether  was  distilled  off  and  to  the  residue,  dissolved  in  a  small  amount  of  alcohol,  was  added 
a  50*^  alcohol  solution  of  semicarbazide.  After  some  time,  the  semicarbazone  of  2.3,4,5-tetrahydrobenzaldehyde 
separated  as  fine  white  crystals.  Insoluble  in  ether,  acetone,  benzene  and  water,  soluble  in  alcohol.  Yield  59  mg. 
After  recrystallization  from  dilute  ethyl  alcohol,  m.p.212-213*. 

From  the  literature  [14,  15]:  m.p.  211-212*,  212-213*. 

3.192  mg  sub.:  6.737  mg  COj;  2.294  mg  HjO.  4.087  mg  sub.:  8.633  mg  COi;  2.890  mg  H2O.  3.050  mg 
sub.:  0.689  ml  Nj  (25*.  731  mm).  Found  <%c  C  57.59,  57.64;  H  8.04,  7.91;  N  24.90.  CsHisONs.  Calcu¬ 
lated  C  57.46;  H  7.84;  N  25.13. 

The  aqueous  layer,  remaining  after  ether  extraction  of  the  2,3,4,5-tetrahydrobenzaldehyde,  was  treated  with 
saturated  dlmedon  solution.  After  prolonged  standing  there  was  obtained  0.1644  g  of  a  voluminous  white  precipi¬ 
tate,  which  after  recrystallization  from  alcohol  had  m.p.  188-189*,  and  which  failed  to  show  a  melting  point  de¬ 
pression  when  mixed  with  authentic  formal  dimedon. 

6th  fraction,  b.p.  126-135*  (2  mm). 

This  fraction  was  a  viscous  colorless  oil,  essentially  composed  of  original  1,1 -pen tame thyleneglycerol  2,3- 
diacetate.  After  redistillation,  b.p.  127-129*  (2  mm). 

5.206  mg  sub.:  11.338  mg  COj  3.851  mg  H2O.  16.501  mg  sub.:  1.65  ml  CH4  (22*.  735  mm).  Found  ’’foi 
C  59.43;  H  8.28;  active  H  0.40.  Ci2H2e05.  Calculated  %:  C  59.00;  H  8.25;  active  H  0.41. 

SUMMARY 

1.  The  transformation  of  1,1-pentamethyleneglycerol  2,3-diacetate  into  w-acetoxyhexahydroacetophenone 
under  the  conditions  of  the  Serini  reaction  was  studied. 

2.  The  secondary  products  obtained  in  this  reaction  were  isolated,  characterized,  and  identified:  cyclo- 
hexylacetaldehyde.  cyclohexylideneacetaldehyde  and  the  diacetate  of  A^-cyclohexenylethylene  glycol. 

3.  The  structure  of  cyclohexylacetaldehyde  and  of  cyclohexylideneacetaldehyde  was  confirmed  by  known 
syntheses.  The  structure  of  the  diacetate  of  A^-cyclohexenylethylene  glycol  was  proved  by  the  method  of  identi¬ 
fying  the- products  obtained  in  the  oxidative  cleavage  of  ^  -cyclohexenylethylene  glycol  with  periodic  acid. 
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DYES  CONTAINING  ANTIPYRINE  NUCLEI 


IV,  ACID  AND  basic:  PROPERTIES  OF  DYES 
O.  F.  Ginzburg,  D.  V.  Ioffe  and  N.  S.  Melnikova 

A  previous  communication  showed  [1]  that  dyes  containing  antipyrine  nuclei  undergo  hydrolysis  in  aqueous 
solutions  as  do  other  triarylmethane  dyes,  and  that  it  proceeds  in  accordance  with  the  equation: 


To  clarify  the  influence  of  various  aromatic  radicals  (Ar)  on  the  acid-base  properties  or  antipyrine  dyes  and 
the  carbinol  compounds  formed  therefrom,  the  hydrolysis  compounds  of  previously-synthesized  antipyrine  dyes  were 
determined  [2],  and  also  of  those  newly  obtained  by  oxidation,  diantipyryl-m-methoxyphenylmethane.  dianti- 
pyryl-3,4-dimethoxyphenylmethane  and  diantipyryl-m-nitrophenylmethane.  The  hydrolysis  constants  of  these 
dyes  were  calculated  in  accordance  with  equation  (1)  on  the  basis  of  experimental  data  obtained  by  measuring  the 
optical  density,  E,  and  the  pH  values  of  aqueous  solutions  of  the  dyes,  after  equilibrium  had  been  attained  in  the 
given  solutions. 


Emax'  optical  density  of  a  solution  of  the  dye  in  which  hydrolysis  is  almost  completely  suppressed,  is 
determined  by  computation  from  equation  (2) 


TABLE 


P-(CH3)2NC«H4 
m.  p-(CH30)2CgH3 

Ot-CioHy 

m-CH3CX:eH4 

QHs 

m-02NC,H4 

p-02NC,H4 


1.38 -10'“ 
1.24*  10** 
2.14*  10‘* 
1.78  •lO"'' 
2.50-  10'^ 
9.70  *10'® 
1.77  •  10’® 


or  by  employing  the  method  of  least  squares  for  the  computation  of  ex-- 
perimental  data. 


„  ...-S  Table  1  presents  the  values  determined  for  the  hydrolysis  constants 

I  r  <  4  I  Qf  antipyrine  dyes  (1)  at  17  +  1  , 

It  should  be  noted  that  the  values  of  dye  hydrolysis  constants  (5)  and  (7)  in  Table  1,  correspond  quite  satis¬ 
factorily  to  the  values  of  those  constants  computed  earlier  on  the  basis  of  experimental  data  obuined  by  potentio- 
mettic  titration  of  dye  solutions  [1]. 


Examination  of  the  table  shows  that  the  character  of  the  aromatic  radical  strongly  affects  the  hydrolysis 
constants  of  antipyrine  dyes  and,  consequently,  the  basicity  constants  of  the  carbinol  compounds  derived  from  the 
dyes;  and  in  this  connection,  the  effect  of  the  dimethylamino,  methoxy  and  nitro  groups  in  the  para  and  meta 
positions  relative  to  the  central  carbon  atom  of  the  benzene  ring,  upon  the  basicity  of  carbinol  compounds  is  ana¬ 
logous  to  the  effect  of  these  groups  upon  the  basicity  of  amines  in  the  benzene  series.  At  the  same  time,  the  dis¬ 
sociation  constant  of  diantipyryl-a-na{Athylcarbinol  is  greater  than  that  of  diantipyryl-phenylcarbinoL  despite 
the  fact  diat  u-na{^thylamine  is  known  to  be  a  less  basic  compound  than  aniline. 
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EXPERIMENTAL 


Diantipyryl-m-methoxyphenylmethane 

Base.  30  ml  hydrochloric  acid  (d  1.17)  was  added  to  a  solution  of  15  g  antipyrine  (0.06  mole)  and  5.45  g 
(0.04  mole)  mVmethoxybenzaldehyde  in  90  ml  alcohol.  The  next  day  the  white  precipitate  that  came  down  was 
filtered  out  and  the  alcohbl  driven  off  the  filtrate.  After  the  alcohol  was  driven  off,  a  new  batch  of  the  hydrochlor¬ 
ide  came  down,  which  was  filtered  out  and  added  to  the  first  batch.  The  base  was  obtained  by  treating  the  hydro- 
chloride  with  a  dilute  sodium  carbonate  solution.  This  gave  17.0  g  (86%)  base,  m.p.  170*.  After  two  crystalliza¬ 
tions  from  a  benzene-gasoline  mixture  (1:1),  m.p.  was  186*.  Further  crystallization  led  to  no  further  rise  in  tem¬ 
perature. 

0.1103  g  sub.:  11.0  ml  N,  (23*.  780  mm).  Found  %:  N  11.62.  C3oHs*OsN4.  Calculated  %c  N  11.33. 

The  hydrochloride  crystallized  from  water.  It  was  dried  in  a  desiccator  over  sulfuric  acid.  Melted  at  141- 
142*  (with  decomposition).  The  presence  of  hydrogen  chloride  in  the  salt  was  established  in  all  experiments  by 
potentiometric  titrauon  with  an  aqueous  acetone  solution. 

0.2630  g  sub.:  10.25  ml  0.1  N  NaOH  (T  0.00371).  Found  %:  HCl  13.19.  CsoH„03N4  •  2HC1.  Calculated  %; 

HCl  12.89. 

■  The  picrate  of  the  base  crystallized  from  alcohol,  m.p.  195*. 

0.1177  gsub.j  13.8  ml  N2  (23*.  778  mm).  Found  %.-  N  13,71.  CMH34OSN4  •  CsHsO^N,.  Calculated  %: 

N  13.55. 


TABLE  2 


No. 

Compound 

M.p. 

Dye 

solu¬ 

tion 

(ml) 

X 

Emax 

.pH 

E 

pK, 

1 

Diantipyryl-p-dimethylaminophenylcarbinol 

135-136* 

0.10 

550 

0.368 j 

9.75 

10.85 

0.342 

0.183 

3.30 

3.32 

2 

Diantipyryl-3, 4-dimethoxyphenylcarbinol 
picrate 

118-120 

0.60 

500 

0.456| 

6.99 

7.25 

0.406 

0.374 

6.27 

6.26 

3 

Diantipyryl-a-naphthylcarblnol 

235-236 

0.60 

470 

l.l92j 

7.36 

7.84 

0.792 

0.483 

6.51 

6.50 

4 

Diantipyryl-m-methoxyphenylcarbinol  picrate 

148-151 

o:6o 

490 

0.482| 

6.40 
.  6.99 
7.25 

0.334 

0.170 

0.115 

7.42 

7.43 
7.43 

5 

Diantipyrylphenylcarbinol 

172-173 

0.80 

480 

1.082| 

5.90 

6.34 

0.905 

0.701 

7.57 

7.56 

6 

Diantipyryl-m-nitrophenylcarbinol  picrate 

111-113 

0.60 

480 

0.633| 

4.01 

4.43 

5.05 

0.576 

0.497 

0.304 

9.16 

9.17 
9.16 

7 

Diantipyryl-p-nitrophenylcarbinol 

180-181 

0.60 

500 

I.II7I 

4,01 

4.43 

5.05 

0.928 

0.775 

0.398 

9.47 

9.40 

9.44 

Diantipyryl-3.  4-dimethoxyphejiylm~ethane 

Base.  Obtained  in  the  same  manner  as  for  diantipyryl-m-medioxyphenylmethane;  yield  95%.  M.p.  200* 
after  crystallization  from  benzene-gasoline  mixture. (1; If. 

0.1082  g  sub.:  9.8  ml  N*  (22*.  770  ml).  Found  %c  N  10.52.  CaiHj204N4.  Calculated  %:  N  10.56, 
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HydrochlOTide.  Crystallized  from  water.  Dried  in  desiccator  over  sulfuric  acid.  Melted  at  176-177*  with 
decomposition. 

0.3077  g  sub.:  11.20  ml  0.1  N  NaOH  (TO,o0371).  Found  HCl  12.30.  CsiH3204N4 •  2HC1.  Calculated 
<%:  HCl  12.24. 

Picrate  of  base.  m.p.  160*.  from  alcohol. 

0.0S46  g  sub.:  10.6  ml  N2  (22*.  770  mm).  Found  <^  :N  13.01.  CsiHs204N4' C4H3O7NJ.  Calculated  N  13,01. 
Diantipyryl-m-nitrophenylcarbinol  picrat'e 

5  g  diantipyryl-m-nitrophenylmethane  was  dissolved  upon  heating  in  50  ml  concentrated  hydrochloric  acid. 

0.3  g  sodium  nitrite  was  added,  bit  by  bit,  to  the  hot  solution  within  3  or  4  minutes,  and  1.4  ml  nitric  acid 
(d  1,4)  was  then  added  dropwise  in  20  minutes.  Next  day  the  orange -colored  solution  was  filtered,  and  a  IS*^  sod¬ 
ium  hydroxide  solution  added  until  a  precipitate  came  down.  2%  sodium  hydroxide  solution  was  then  added  slow¬ 
ly.  by  drops,  in  2  hours,  until  phenolphthalein  showed  an  athaline  reaction.  The  next  day,  the  solution  with  its 
predipitate  was  heated  to  boiling.  After  cooling,  the  precipitate  was  filtered  and  dried.  1.85  g  of  the  base  was  ob¬ 
tained.  0.85  g  picric  acid  in  20  ml  alcohol  was  added  to  a  solution  of  the  base  in  50  ml  alcdtol.  The  precipi¬ 
tate  deposited  was  filtered  out  the  next  day.  The  precipitate  was  crystallized  from  alcohol,  m.p.  148-151*. 

Xmax  cation  was  490  mp. 

0.1191  g  sub.:  15.7  ml  N2  (16*.  757  mm).  0.1126  g  sub.:  14.8  ml  (16*.  757  mm).  Found  %:  N  15,44, 

15.45,  C29H2j04N5'C4ll20,N3,  Calculated '7-}  N  IS/ll. 

Diantipyryl-m-methoxyphenylcarbinol  picrate 

Obtained  in  the  same  manner  ai'  diantipyryl-m-nitrophenylcarbinol  picrate.  Crystallized  from  50®fc  alco¬ 
hol.  M.p.  111-113*.  Xjjiax  cation  was  490  mp, 

0.1510  g  sub.;  17.6  ml  N2  (22*.  776  mm).  0,1015  g  sub.:  12.4  ml  N2  (24*.  752  mm).  Found  %:  .N  13,63, 

13.74.  C30H23O3N4‘CyHiO,N3,  Calculated  N  13.59. 

Diantipyryl-3.  4-dimethoxyphenylcatbinol  picrate. 

Obtained  in  the  same  manner  as  diantipyryl-m-nitrophenylcarbinol  picrate.  Crystallized  from  50*!^>  aqueous 
alcohol.  M.p.  118-120*.  of  the  dye  cation  was  500  mp. 

0.1091  g  sub,:  12.4  ml  N2  (22*.  776  mm).  0.0778  g  sub.;  9.0  ml  Nj  (22*.  750  mm).  Found  %  N  13.30, 

13.09.  C3iHs204N4-C6H20tN3.  Calculated  <y«  N  13.04. 

Dye  Hydrolysis  Study  m 

5  ’  10"®  mole  of  the  carbinol  c  ompound  or  picrate  of  a  dye  was  dissolved  in  50  ml  acetone.  Identical  amounts 
of  the  acetone  solution  were  added  to  various  buffer  solutions  of  differing  pH.  After  the  establishment  of  equili¬ 
brium  in  the  solution,  measurement  of  its  optical  density  was  made  with  a  Koenig -Martens  spectrophotometer  at 
the  wavelength  indicated  in  the  table.  The  layer  of  solution  under  study  was  20  mm  thick,  the  temperature  17  +  1*. 

The  data  obtained  are  adduced  in  Table  2.  The  same  table  presents  the  pKj  values  for  carbinol  compounds  ob¬ 
tained  from  these  dyes. 

SUMMARY 

1.  Depending  upon  the  nature  of  the  aromatic  radical  linked  to  the  central  carbon  atom  in  antipyrine  dyes, 
the  hydrolysis  constants  of  the  latter  may  differ  from  each  other  by  more  than  lOl*  times. 

2.  Oxidation  of  diantlpyryl-m-methoxyphenylmethane  and  diantipyryl-3,4-dimethoxyphenylmethane  re¬ 
sults  in  the  formation  of  new  dyes  of  the  diantlpyrylarylmethane  series. 
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REACTION  OF  DIAZO  COMPOUNDS  WITH 


SULFAMIC  ACID  AND  ITS  DERIVATIVES 

III.  STUDY  OF  THE  HYDROLYTIC  DECOMPOSITION  REACTIONS 
OF  1-ARYL-3-METHYLTRIAZENE-3-SULFONIC  ACIDS 

D.  Z.  Zavelsky  and  L.  A.  Lishnevskaya 


In  our  previous  communications,  devoted  to  a  study  of  the  reaction  of  diazo  compounds  with  salts  of  N- 
methylsulfamic  acid  [1]  and  the  properties  of  the  l“aryl-3-methyltriazene-3-sulfonates  obtained  in  this  manner 
[2],  it  was  mentioned  that  in  the  recrystallization  of  some  of  the  members  in  this  series  of  compounds  from 
water,  or  on  their  dry  storage  in  the  ait,  or  on  their  coming  in  contact  with  acids,  the  removal  of  sulfonic 
groups  from  them  by  cleavage  was  observed.  As  a  rule,  this  cleavage  was  accompanied  by  the  evolution  of 
nitrogen  and  a  profound  change  in  the  nature  of  the  residual  molecule. 

A  more  detailed  study  revealed  that  the  capacity  of  l-aryl-3-methyltriazene-3-sulfonates  for  hydro¬ 
lytic  cleavage  of  the  sulfonic  group  becomes  more  strongly  developed  the  greater  the  electron  attraction 
effect  possessed  by  the  aryl  containing  substituents.  In  the  order  of  increasing  lability  of  the  sulfonic  group 
the  investigated  triazene-N-sulfonates  can  be  ananged  in  the  following  manner : 


The  reaction  rate  for  the  hydrolytic  cleavage  of  the  sulfonic  group  increases  with  increase  in  temperatures 
and  with  decrease  in  the  pH  of  the  solution. 

The  observed  rule  is  also  in  complete  accord  with  the  electron  theory.  An  examination  of  the  structure 
of  the  arylmethyltriazene-N-sulfonic  acid  molecule  leads  to  the  conclusion  that,  in  order  to  realize  the  rupture 
of  the  electropositive  sulfonic  group,  it  is  necessary  for  the  nitrogen,  attached  to  the  positively  charged  sulfur 
of  the  sulfonic  group,  to  show  a  lower  electron  density  under  the  influence  of  substituent  X. 


X 


N=N-I^-sa,H 


CH3 


Such  an  effect  can  be  attained  when  substituent  X  possesses  electron  attraction  properties.  For  example, 
if  X  is  an  electrophilic  NO2  group,  the  electron  displacement  will  apparently  proceed  in  the  following  manner: 
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Naturally,  the  smaller  flie  electron  charge  becomes  on  the  terminal  nitioge.n,  the  easier  the  rupture  of  the 
bond  between  it  and  the  positively  charged  sulfur  of  the  sulfonic  group  will  be-;  here  a  role  will  be  played  not  only 
by  the  nature  of  substituent  X.  but  also  by  its  location,  and  also  by  the  character  and  location  of  the  other  substitu¬ 
ents.  Consequently,  the  m-NOj  group  will  weaken  the  bond  between  nitrogen  and  the  sulfonic  group  more  than 
will  the  m-  Cl  groups  the  p-Np*  group  more  than  the  to-  NO2  group,  and  the  o-  NQ^  group  more  than  the  p-  NOj 
group.  The  presence  in  the  benzene  ring,  in  addition  to  the  p-*  NO*  group,  of  the  o  -Cl  group  possessing  a  negative 
inductive  effect  and  a  positive,  but  smaller,  bonding  effect,  leads  to  further  weakening  of  the  bond  between  the 
nitrogen  and  sulfur  atoms.  As  can  be  seen  from  the  above  presented  series  of  triazene-N- sulfonates,  the  total  effect 
of  two  Cl  groups,  found  in  the  2, 5- positions,  reduces  the  stability  of  the  bond  between  nitrogen  and  the  sulfonic 
group  more  than  does  the  influence  of  a  NQ^  group  in  the  m-  and  even  in  the  p-position.  It  should  be  mentioned 
that  the  bond  between  nitrogen  and  the  sulfonic  group  in  triazenesulfonates  when  the  NQ*  group  is  shifted  from  the 
m-  to  the  p-position  is  weakened  to  a  much  less  degree  than  when  the  same  group  is  shifted  from  the  p-  to  the  o- 
position.  On  the  matter  of  lability,  the  bond  between  nitrogen  and  the  sulftmic  group  in  the  triazenesulfonate 
from  o-nitrodiazo|>enzene  stands  much  closer  to  the  triazenesulfonate  from  4-nitro-2-chlorodiazobenzene  than 
to  the  triazenesulfonates  from  m-nltrodiazobenzene  and  p-nitrodiazobenzene 

On  boiling  aqueous  solutions  of  the  triazenesulfonates  from  2-nitro-  and  4-nitro-2-chlorodiazobenzenes 
the  decomposition  proceeds  with  the  formation  of  the  sulfate  ion,  nitrogen,  methyl  alcohol  and  the  amines,  cor¬ 
responding  to  the  original  diazo  compounds,  namely  2-nitroaniline  and  4-iiitro-2-chloroaniline.  A  detailed 
study  of  this  process,  especially  for  the  example  of  the  triazenesulfonate  from  4-nitro-2-chlorodiazobenzene, 
gives  a  basis  to  postulate  the  following  scheme: 


According  to  fois  scheme,  the  first  reaction  is  cleavage  of  potassium  bisulfate  and  the  formation  of  4- 
nitro-2-chlorophenyldiazoaminomethane  (a),  which  tautomerizes  into  4-nitro-2-chloroanilinodiazomethane  (b). 
The  latter,  being  extreme! y'lablle  in  acid  medium  (KHSO4),  quickly  decomposes,  adding  water,  into  4-nitro-2- 
chloroanlline,  nitrogen  and  methyl  alcohol.  As  a  result  of  this,  the  equilibrium  of  the  tautomeric  transforma¬ 
tion  of  product  (a)  into  product  (b)  shifts  to  the  right  and  the  reaction  goes  to  completion. 

The  proposed  scheme  is  supported  by  the  work  of  Oimroth  [3],  who  first  synthesized  the  first  member  of 
the  alkylaryl  series  of  disubstituted  tciazenes.methylphenyltriazene;,  and  showed  that  the  latter  is  unstable,  not 
only  widi  respect  to  strong  acids  but  also  toward  such  a  weak  acid  as  carbonic  acid.  According  to  Dimroth, 
methylphenyltriazene  under  the  influence  of  hydrochloric  acid  decomposes  into  aniline,  nitrogen  and  methyl 
chloride: 


This  decomposition  reaction  is  analogous  to  the  one  observed  by  us,  widi  the  difference  that  instead  of 
methyl  chloride  we  obtained  methyl  alcohol  under  our  reaction  conditions.  The  attempts  made  by  us  after 
cleavage  of  the  sulfonic  group  to  isolate  the  intermediately  formed  arylmethyltrlazenes  proved  unsuccessful 
inasmuch  as  the  presence  of  the  acid  bisulfate  ion  immediately  led  to  the  decomposition  of  the  intermediate 
into  ary  la  mine,  nitrogen  and  methyl  alcohol. 

In  contrast  to  the  triazenesulfonates  from  4-nltro-2-chlorodiazobenzene  and  2-nitrodiazobenzene,  the 
triazenesulfonates  from  3-nitro-,  4-nitto-  and  2,5-dichlotodiazobenzenes  form,  when  their  solutions  are 
boiled  in  acetate  buffer  at  pH  4.0,  besides  sulfuric  acid,  nitrogen  and  methyl  alcohol,  not  the  arylamines 


but  instead  the  symmetrical  triazenes:  3,3'“dinitrodiphenyltriazene  (VI),  4,4'-dinitrodiphenyltriazene  (VII)  and 
2, 5, 2' ,  5’  - tetrachlorodi phenyl triazene  (VIII): 


This  phenomenon  can  be  satisfactorily  explained  in  the  following  manner.  Earlier  [4]  it  had  been  shown 
that  the  less  electrophilic  the  substituents  in  the  benzene  ring  of  methylaryltriazene-N-sulfonates,  the  easier  is 
the  cleavage  of  the  latter  in  acid  medium  into  diazo  compound  and  methylsulfamic  acid,  and  the  more  difficult 
is  the  cleavage  of  the  bisulfate  ion  with  formation  of  the  aromatic  amine.  From  this  it  can  be  concluded  that 
when  the  substituents  in  methylaryltriazene-N-sulfonates  are  the  nitro  group  in  positions  3  or  4,  or  chlorine  in  the 
2. 5 'positions,  the  reactions  for  the  formation  of  the  amines  proceed  at  a  rate  that  is  equal  to  or  less  than  the  rate 
for  the  formation  of  the  diazo  compounds,  as  a  result  of  which  in  the  final  end  the  products  formed  are  not  aryl- 
amines.  but  symmetrical  diaryltriazenes: 


PrN- 


-NgQH  -h 


Na  CH5OH  +  KHSQ^ 

•  NaOH  -4.  HaN-^  NQa 

-  N  *  M -N  H NQt 


If  the  substituents  in  the  phenyl  nucleus  of  me thylaryl triazene- N-sulfonates  possess  a  more  electrophilic 
character,  as,  for  example,  the  nitro  group  in  position  2  or,  simultaneously,  the  nitro  group  in  position  4  and 
chlorine  in  position  2,  the  cleavage  into  diazo  compound  and  methylsulfamic  acid  proceeds  at  a  considerably 
slower  rate  than  does  the  cleavage  into  bisulfate  and  arylamlne,  and  the  final  reaction  product  obtained  is 
essentially  the  arylamlne.  A  more  exact  quantiutive  characterization  of  the  influence  of  the  nature,  position  and 
number  of  substituents  in  the  phenyl  nucleus  of  methylaryltriazene-N-sulfonates  can  be  obtained  on  the  basis  of 
studying  the  kinetics  of  both  reactions. 

A  more  detailed  study  of  the  process  for  the  hydrolysis  of  the  triazenesulfonate  from  4-nitro-2-chlorodiazo- 
benzene  enabled  us  to  isolate  an  arylamlne,  which  was  identified  as  4-nitio-2ochloroaniline  by  its  dlazotization 
and  coupling  with  3  -naphthol  and  ASG  acid.  However,  this  amine,  even  after  several  re  crystallizations,  had  m.p. 
98-99*instead  of  107*,  the  m.p.  of  authentic  4-nltror2-chloroaniline,  which  testified  to  the  presence  of  a  diffi¬ 
cultly  removable  impurity. 

Fiurther,  it  was  found  that  in  the  dlazotization  in  15-20%  hydrochloric  acid  of  the  amine,  obtained  from 
tie  hydrolysis  of  l-(4'-nitro-2*chloro)phenyl-3*methyltrlazene-3-sulfonate,  a  precipitate  was  obtained  in  the 
ice-cfldled  diazo  solution,  after  recrystallization  having  m.p.  95*  and  identified  by  the  Llebermann  reaction  as 
being  a  nitrosoamlne.  A  study  of  the  properties  of  this  nitrosoamine  revealed  it  to  be  4-nitro-2-chloxo-N-nitroso- 
N-methylanlllne.  Its  structure  was  indubitably  established  by  die  special  synthesis  of  4-nltroT2-chloroTN-methyl- 
anlline  and  its  nitaosoi  derivative,  and  the  identification  of  these  products  with  the  studied  nitrosoamine  and  its 
hydrolysis  product  with  concentrated  hydrochloric  acid. 

As  a  result,  it  was  established  that  in  the  hydrolytic  decomposition  of  the  triazenesulfonate  from  4-nitro- 
2-chlorodiazobenzene  there  is  formed  not  only  4-nitro-2-chlotoanillne,  but  also  its  N- methyl  derivative.  Con¬ 
sequently.  together  with  the  principal  direction  of  the  decomposition  reaction  for  the  arylmethyl triazene,  inter¬ 
mediately  formed  after  cleavage  of  the  sulfonic  group,  it  is  also  possible  to  have  the  secondary  reaction: 


It  appears  to  us  that  the  given  reaction  should  be  regarded  as  being  a  methylation  of  the  4-nitro-2-chloroanil“ 
ine  radical  by  the  daizomethane  radical,  in  which  connection  it  can  be  assumed  that  this  reaction  proceeds  inter- 
molecularly  more  rapidly  than  it  does  intramolecular ly.  From  this  it  also  follows  that  in  acid  media,  the  arylalkyl- 
triazenes  are  in  effect  inclined  to  tautomerism  ftom  form  (a)  into  form  (b). 

From  an  examination  of  both  of  the  directions  for  the  decomposition  of  4-nitro-2-chlorophenylmethyl- 
triazene  it  can  be  assumed  that  the  presence  of  water  should  favor  one  of  these  directions,  but  not  the  other: 


OaN- 


HaO/  Cl 

.MH-N=N-Ch'3  ' 

X 


Cl 


-t-Nz-*-  CHaOH 
Cl 


QzN  -<  y-NHCHs  -h  Nz 

a 


The  verification  of  this  postulation  completely  confirmed  its  validity.  When  l-(4'-nitro-2’-chloro)- 
phenyl-3-methylttiazene -3-sulfonate  was  hydrolyzed  in  the  presence  of  water  we  obtained  4-nitro-2-chloro- 
N-methylanillne  in  a  yield  of  6.6%  of  theory,  while  when  the  triazenesulfonate  was  decomposed  as  the  result  of 
storage,  i.e.,  under  the  influence  of  onlytthe  moisture  found  in  the  air,  the  yield  was  35.5-37.0%  i,e.  5 -6  times 
greater. 

EXPERIMENTAL 

1.  Capacity  of  Ar  y  1  me  th  y  It  ri  az  en  e  -  N  -  su  If  oni  c  Aciiis  for  Hydrolytic 
Cleavage  of  the  Sulfonic  Group  as  a  Function»of  Their  Structure 

The  triazene-N-sulfonates,  obtained  by  the  diazoamino  condensation  of  potassium  methylsulfamate  with 
the  diazo  compounds  from  3-nitroaniline,  4-nitroaniline  and  2,5-dichloroaniline,  when  dissolved  in  aqueous 
buffer  solutions  with  pH  from  5.0  to  1.0  at  room  temperature,  fail  to  show  any  indications  of  cleavage  of  the 
sulfonic  group  even  after  30  minutes. 

At  50'-  55*  for  the  triazenes  from  3-nitroaniline  and  4-nitroaniline  a  buffer  with  pH  3.0  is  already  suffi¬ 
cient  for  the  appearance  within  5  minutes  of  traces  of  sulfate  ion,  revealed  by  testing  with  barium  chloride. 

For  the  triazenesulfonate  from  2.5-dichloroanlline  the  same  result  is  obtained  at  50-55*  even  in  a  buffer  solution 
with  pH  3. 5-4.0;  consequently,  this  triazene  cleaves  the  sulfonic  group  more  readily  than  do  the  first  two.  The 
triazene-N-sulfonates  from  2-nitroaniline  and  4-nitro-2-chloroaniline  cleave  the  suffomc  group  even  more  readily. 
Even  their  neutral  aqueous  solutions  on  heating  at  the  boil  for  several  minutes  are  capable  6f  showing  an  acid  re¬ 
action,  caused  by  cleavage  of  the  bisulfate  ion.  The  appearance  of  an  acid  reaction  sharply  accelerates  the  hydrol¬ 
ysis  process,  rapidly  driving  it  to  completion. 


The  triazene-N-sulfonates  from  4-nitroaniline  and.  especially,  from  3-nltroaniline,  after  recrystallization 
from  water,  can  safely  be  dried  in  an  oven  at  50-70*.  and  after  drying  can  be  stored  for  months  without  any  indi¬ 
cations  of  decomposition.  The  moist  crystals  of  the  triazenesulfonate  from  2,5-dichloroaniline  already  require 
drying  at  a  lower  temperature,  while  the  dry  crystals  begin  to  decompose  after  2-6  weeks  of  storage. 

Prior  to  drying,  the  moist  crystals  of  the  triazene-N-sulfonates  from  2-nitroanillne  and  4-nitto-2-chloro- 
aniline  have  to  be  well  pressed  on  porous  clay  plate,  and  then  dried  either  in  a  vacuum  desiccator  at  room  temperature 
over  solid  potassium  hydroxide,  or,  more  quickly,  in  an  oven  at  70*  with  frequent  stirring  and  disintegration  of  the 
crystal  lumps.  In  the  recrystallization  of  these  triazene-N-sulfonates  fromwater  it  is  expedient  to  first  make  them 
into  a  paste  with  a  small  amount  of  cold  water,  then  to  add  water  that  haS  been  heated  to  70-90*  and  also  made 
slightly  ammoniacal,  and  after  rapid  solution  with  stirring,  followed  by  filtration,  to  cool  immediately  for  the  ini¬ 
tiation  of  crystallization.  The  addition  of  ammonia  to  the  water  during  recrystallization  noticeably  protects  the 
triazene-N-sulfonates  from  decomposition  also  during  drying  and  storage.  Even  better  stabilization  is  obtained  by 
the  addition  of  either  sodium  or  potassium  acetate  to  the  water.  It  Is  very  difficult  to  dry  the  triazenesulfonates 
from  2-  nitroaniline  and  especially  from  4-nitro-2-chloroaniline.  not  stabilized  in  this  manner,  from  the  mother 
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liquor  without  incurring  decomposition)  when  stored  in  the  dry  form  they  decompose  within  1-4  days. 

2.  Study  of  the  Decomposition  of  Triazene -N -Sulf:onates  During 
Hydrolytic  Cleavage  of  the  Sulfonic  Group 

a)  l-(4''-Nitro)phenyl“3-methyltria2ene-3-sulfonate  (II).  The  triazenesulfjonate  (2  g)  was  charged  into  a 
flask  with  20  ml  of  pH  4.0  acetate  buffer  solution  and  heated  for  4  hours  at  60^10*.  during  which  time  constant 
foaming  of  the  solution  was  observed  due  to  the  evolution  of  nitrogen.  During  the  whole  time  test  samples  of  the 
solution  gave  a  positive  reaction  with  ASG  acid  for  active  diazo  compound.  Gradually  a  yellowish -brown  pre¬ 
cipitate  began  to  separate  from  the  solution. 

On  cdnclusion  of  heating  the  precipitate  was  filtered,  washed  with  hot  water  and  dried,  the  weight  was 
0.36  g.  The  obtained  substance  is  insoluble  in  water  and  moderately  soluble  in  alcohol,  benzene  and  acetone. 

After  two  recrystollizations  from  benzene  the  m.p.  is  228-230*,  under  the  microscope  the  crystals  appear  as 
yellow  leaflets.  On  heating  a  sample  of  the  recrystallized  product  in  a  solution  of  glacial  acetic  add,  contain¬ 
ing  a  small  amount  of  a  -naphthylamine,  an  intense  dark  cheny  red  color  is  obtained,  characteristic  for  diaryl- 
triazenes  insoluble  in  water.  On  dissolving  several  crystals  of  the  product  in  alcohol  and  adding  several  drops 
of  sodium  hydroxide  solution  there  is  obtained  a  very  intense  reddish  violet  coloration.  On  heating  the  investi¬ 
gated  crystals  in  dilute  aqueous  sodium  hydroxide  solution  up  to  the  boll  the  solution  becomes  brightly  colored, 
and  on  cooling  is  decolorized,  depositing  bluish  violet  needles,  possessing  a  greenish  bronze  cast  in  reflected 
light.  The  described  reactions  are  characteristic  for  4,4'-dlnitrodiazoaminobenzene  [5].  A  comparison  of  the 
obtained  product  with  authentic  4,4'-dinitEodlazoaminobenzene.  synthesized  in  the  conventional  manner,  by 
the  melting  points  of  the  individual  products  and  their  mixture  demonstrated  their  complete  identity. 

The  filtrate,  obtained  on  boiling  the  triazene-N- sulfonate,  deposits  the  unchanged  product  on  cooling. 

This  product  is  filtered  and  to  part  of  the  mother  liquor  is  added  hydrochloric  acid  and  barium  chloride,  giving 
a  precipitate  of  barium  sulfate. 

The  main  portion  of  the  mother  liquor  is  made  alkaline,  so  as  to  neutralize  the  acetic  acid  present  in  the 
acetate  buffer  solution,  and  is  then  distilled.  The  pale  yellow  disttltate  contains  methyl  alcohol,  the  presence  of 
which  is  demonstr4ted  by  oxidation  of  a  sample  of  the  distillate  with  potassium  permanganate  in  20 (!(>  sulfuric  acid 
to  yield  formaldehyde  and  the  color  reaction  of  the  latter  with  phenylhydrazine  in  the  presence  of  ferric  chloride 
[6]. 

’  b)  1  -  (2*,  5‘-Dichloro)phenyl“3’- methyl  triazene- 3-5ulfonate  (III)  and  l-(3*-nitro)phenyl-3-methyltria- 
zene-3-sulfonate  (I).  On  heating  the  solutions  of  these  two  triazenes  in  acetate  buffer  at  pH  4.0  under  the  above 
described  conditions  there  also  occurs  cleavage  of  the  sulfonic  group,  accompanied  by  the  evolution  of  nitrogen 
and  methyl  alcohol  and  the  formation  of  symmetrical  diaryltriazenes,  namely,  2,5.2‘.5'-tetrachlarodiphenyl-  ■ 

triazene  (VIII)  and  3,3‘-dlnitrofiiphenyltriazene  (VI). 

The  cleavage  of  the  sulfonic  group  proceeds  more  rapidly  for  the  triazenesulfonate  obtained  from  2,5^- 
dichlorodiazobenzene  (HI). 

c)  l-(2*“Nitro)phenyl-“3-methyltriazene“3-sulfonate  (IV).  For  this  triazene  the  cleavage  of  the  sulfonic 
group  proceeds  even  on  simple  boiling  of  its  neutral  solution  in  distilled  water.  After  recrystallization  from  water 
without  the  addition  of  ammonia  and  on  being  allowed  to  dry  overnight  in  a  vacuum  desiccator  over  caustic  at  room 
temperature,  the  precipitate  of  this  triazenesulfonate  frequently  shows  a  partial  darkening  the  next  morning.  When 
touched  with  a  spatula  the  discolored  portions  of  the  precipitate  begin  to  swell,  similar  to  boiling,  and  quickly, 
within  a  matter  of  seconds,  they  encompass  all  of  the  new  portions  of  still  imchanged  crystals  and  convert  them  into 
tar.  At  the  same  time  nitrogen  is  evolved.  Thettarry  viscid  substance  obtained  in  the  decomposition  shows  a  posi¬ 
tive  reactlcBi  for  mineral  acid  when  tested  with  water-moistened  Congo  paper.  The  addition  of  barium  chloride 
to  its  aqueous  extract  gives  a  precipitate  of  barium  sufate.  A  sample  of  the  tarry  substance  liquefies  when  heated 
in  water  with  the  evolution  of  nitrogen  and  colors  the  water  ai.orange  yellow.  The  obtained  solution  falls  to 
couple  with  ASG  acid,  either  in  neutral  medium  or  after  acidification,  and  consequently  contains  neither  an  active 
nor  a  passive  soluble  diazo  compound.  On  adding  hydrochloric  acid  to  the  Investigated  solution  and  then  several 
drops  of  nitrite  the  solution  becomes  colorless  and  couples  with  a  soda  solution  of  ASG  acid,  forming  an  intensely 
colored  solution  of  the  azo  dye.  Identicdil  with  the  product  obtained  when  ASG  acid  is  coupled  with  authentic 
2-nitrodl a zobenzene.  Consequently,  the  basic  component  of  the  tarry  substance  is  2-nitroaniline.  In  addition^ 
the  presence  of  methyl  al  cohol  in  the  aqueous  solution  was  also  demonstrated. 

As  a  result,  in  contrast  to  the  trlazenesulfonates  from  4-nitrodiazobenzene,  3-nitrodlazobenzene  and 
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2,5-dichlorodiazobenzene,  the  triazenesulfonate  from  2-nitrodiazobenzene  separates,  in  addition  to  sulfuric  acid, 
nitrogen  and  methyl  alcohol,  2-nitroaniline,  and  not  the  corresponding  symmetrical  2,2'-dinitrodiphenyltriazene. 

f 

d)  l-(4*-Nitro-2*-chloro)phenyl“3~methyltriazene-3-sulfonate  (V|.  The  aqueous  neutral  solution  of  this 
triazenesulfonate  on  boiling  cleaves  the  bisulfate  ion  even  more  easily  than  does  the  triazenesulfonate  from  2- 
nitrodiazobenzene;  together  vrtth  nitrogen  and  methyl  alcohol  there  is  formed  4-nitro-2-chloroaniline,  which 
was  identified  by  dlazotization  and  coupling  with  0-naphthol  and  ASG  acid.  Among  the  decomposition  products, 
formed  in  the  cleavage  of  the  sulfonic  group,  the  symmetrical  diaryltriazene  —  4,4'-dinltro-2,2’“dichl(»odiphenyl- 
triazene  —  is  absent. 

Determiaetion  of  the  Dlazo  Nitrogen  Evolved  During  Hydrolytic  Decomposition.  The  recrystallized  tria- 
zene-N”Sulfonate  (V)  (0.7127  g)  was  charged  into  the  nitrometer  flask  and  rubbed  into  a  thick  paste  wldi  several 
drops  of  water.  After  removal  of  the  air  from  the  apparatus  with  a  current  of  COj  the  flask  contents  were  heated 
on  the  water  bath  to  60-65*.  In  a  fairly  short  time  brown  stains  appeared  in  the  paste,  within  which  swelling  be¬ 
gan  due  to  the  evolution  of  gas.  Gradually  the  decomposition  began  to  spread  to  the  adjacent  portions,  and  within 
several  minutes  all  of  the  paste  became  brown,  while  the  evolved  nitrogen  began  to  collect  in  the  gas  burette  over 
potassium  hydoxide. 

As  the  result  of  decomposition  there  was  obtained  48.4  ml  of  (22*,  750.8  mmX  which  corresponds  to  a 
diazo  nitrogen  content  of  7.59  %  while  theory  for  the  amount  of  diazo  nitrogen  in  CrHfOsN4ClSK  is  8.42 (90.2<7o 
of  the  theoretical  amount). 

Determination  of  the  Amount  of  Cleaved  Bisulfate.  The  residue  from  the  reaction  flask  of  the  nitrometer 
was  extracted  with  hot  water.  The  hot  orange  colored  aqueous  extracts,  after  filtering  off  a  small  amount  of  tar, 
were  cooled  in  ice  water.  The  obtained  yellow  crystalline  precipitate,  which  proved  to  be  4“nitro-2-chloioanlline, 
was  filtered  and  washed.  The  filtrate  and  wash  waters  were  acidified  with  hydrochloric  acid  and  treated  at  the 
boil  with  a  solution  of  barium  chloride.  There  was  obtained  0.4142  g  of  BaS04,  which  corresponds  to  a  sulfur  ccni- 
tent  of  7.96%.  while  the  theoretical  amount  of  sulfur  in  C;H405N4C1SK  is  9.63%.  Consequently,  the  cleavage  of 
the  sulfonic  group  was  82.65%  complete. 

Determination  of  the  Amount  of  Formed  Methyl  Alcohol.  The  triazenesulfonate  (V)  (2.8347  g)  was  intro¬ 
duced  into  a  distilling  flask  fitted  with  a  Vigreaux  column.  The  charge  was  moistened  with  3  ml  of  water  and 
heated  up  to  60*65*.  The  <}ec imposition  proceeded  with  greater  violence  than  in  the  preceding  experiment, 
inasmuch  as  a  greater  amouiit  of  material  was  taken.  On  conclusion  of  decomposition  there  was  added  to  the 
flask  50  ml  of  water  and  5  ml  of  concentrated  sulfuric  acid  (to  bind  the  amine X  and  the  removal  of  the  methyl 
alcohol  by  distillation  was  started. 

In  measure  with  heating,  the  decomposition  product  in  the  distilling  flask  changed  over  more  and  more 
into  a  bright  yellow  orange  colored  solution.  The  undissolved  portion  of  the  product  floated  on  the  surface  of 
thesolutbn  as  brown  oily  stains.  Despite  the  presence  of  sulfuric  acid,  the  distillate  was  always  yellow  and  de¬ 
posited  in  the  condenser  and  receivpr  lemon  yellow  crystals  6f  steam  volatile  4-nitro-2-chloroanilinc.  Appar¬ 
ently,  the  sulfate  of  this  weakly  basic  amine  is  readily  hydrolyzed  with  steam. 

The  approximately  25  ml  of  distillate  obtained  was  redistilled  through  a  small  fractionation  column. 

There  was  obtained  6.4381  g  of  distillate.  Its  density,  determined  with  a  pyknometer,  was  84®  0.99485. 

From  this  it  was  calculated  that  0.1503  g  of  mediyi  alcohol  was  present:  Theory  for  the  amount  of  product 
taken  for  the  decomposition  is  0.2730  g  of  alcohod.  which  means  we  found  55.06%  of  this  amount. 

Determination  of  the  Amount  of  Formed  Amines.  The  triazenesulfonate  (V)  (0.4726  g)  was  rubbed 
in  a  beaker  with  several  drops  of  water  into  a  paste.  After  decomposition  was  accomplished  by  heating,  to 
the  obtained  brown  product  was  added  an  excess  of  concentrated  hydrochloric  acid  and  the  mixture  heated  to 
nearly  complete  solution.  The  cooled  hydrbchloric  acid  solution  was  diluted  with  2  volumes  of  water  and 
titrated  with  0.1  nitrite  solution.  The  consumption  was  14.16  ml.  while  the  theoretical  should  be  14.20  ml. 
Consequently,  the  formation  of  the  amines  was  almost  quantitative.  The  solution  of  the  obtained  diazo  com¬ 
pound  formed  azo  dyes  when  coupled  with  8-naphthol.  R  salt  and  ASG  acid,  which  dyes  are  completely  iden¬ 
tical  with  those  obtained  in  the  coupling  of  the  above  azo  components,  with  4-nitro-2-chlorodiazobenzene. 

The  crude  4-nitro-2-chl<noanillne,  obtained  as  .'the  result  of  hydrolytic  decomposition  of  the  triazene¬ 
sulfonate,  had  ra.p.  91-95*  instead  of  the  107*  given  in  the  literature.  Repeated  recrystallization  gradually 
raised  the  melting  point  to  98-99*,  while  the  mixture  with  authentic  4-nitro-2-chloroaniline  melted  at  102-104*. 


It  was  noted  that  toward  the  end  in  the  diazotization  of  the  investigated  amine  with  nitrite  in  concentrated  hydro¬ 
chloric  acid  solution  a  precipitate  always  separates  from  the  dtazo  solution,  which  after  filtration,  washing,  drying 
and  recrystallization  is  obtained  as  tiny  yellow  needles  with  m.p.  95*.  giving,  by  the  Liebermann  test,  the  charac¬ 
teristic  reaction  for  a  nitroso  product.  According  to  the  literature,  4-nitro-2-chloro-N-nitro80-N-methylaniline 

OjN—  — is  obtained  as  tiny  yellow  needles  widi  m.p.  94.5-95.0*  [7]. 
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For  identification  purposes,  the  nitroso  product,  obtained  in  the  treatment  with  nitrous  acid  of  the  amine 
formed  in  the  decomposition  of  the  triazene-N-sulfonate,  was  subjected  to  hydrolysis  by  boiling  it  with  concen¬ 
trated  hydrochloric  acid  until  solifton  was  complete.  The  precipitate  obtained  on  dilution  with  water,  after  re¬ 
crystallization  had  m.p,  117*,  exactly  the  same  as  the  melting  point  given  in  the  literature  [7]  for  4-nitro-2- 
chloro- N-methylaniline. 


The  final  confirmation  of  the  structure  of  the  above  described  products  was  obtained  by  the  N-methylation 
of  4-nitro-2-chloroanillne  with  dimethyl  sulfate,  using  the  method  given  in  the  literature  for  4-nitroanillne  [8]; 
on  doing  this  the  compound  4-nitro-2-chloro-N-methylaniline  was  obtained  with  m,p,  117*,  failing  to  give  a 
melting  point  depression  when  mixed  with  the  amine  obtained  by  the  hydrolysis  of  the  investigated  nitroamine. 
Consequently,  both  4-nitro-2-chloroaniline  and  its  N-methyl  derivative  are  simuluneously  formed  in  the  hydrolytic 
decomposition  of  l-(4*-nitro-2*“chloro)phenyl-3-methyltriazene-3-sulfonate. 

Influence  of  the  Hydrolysis  Conditions  on  the  Yield  of  Amines, Experiment  No.  1.  The  triazenesulfonate 
(V)  (1.0244  g)  was  rubbed  with  water  into  a  paste  and  then  decomposed  by  heating  on  the  water  bath.  The  result¬ 
ant  brown  decomposition  product  was  dissolved  in  concentrated  hydrochloric  acid  with  heating,  then  cooled  and 
treated  with  an  excess  of  10<7o  nitrite  solution.  The  obtained  nitroso  product,  separated  from  the  diazo  compound 
by  filtration  through  a  porous  glass  filter,  aftcir  washing  and  drying  weighed  0,0440  g  (6.63  <7o). 

Experiment  No.  2.  The  triazenesulfonate  (0.5680  g),  recrystallized  from  water  in  the  absence  of  ammonia, 
was  allowed  to  stand  in  the  air.  Already  on  the  following  day  brown  spots  appeared  in  the  product,  on  the  thlr  d 
day  the  triazene  had  become  a  moist  brown  substance,  which,  after  another  3  days  acquired  a  mustard  yellow 
color  and  became  dry.  The  product  was  dissolved  in  15  ml  of  concentrated  hydrochloric  acid,  diluted  with  100 
ml  of  water,  cooled,  and  titrated  with  0.1  N  nitrite  solution.  The  consumption  of  nitrite  was  16,87  ml,  which  cor¬ 
responds  to  a  98.8  formation  of  the  amines  theoretically  possible  for  the  given  weight  of  triazene. 


The  nitroso  product  obtained  from  the  acid  diazo  solution,  after  filtration,  washing  and  drying,  weighed 
0.1305  g  (35.5%). 

Experiment  No.  3.  The  triazenesulfonate  (1.6723  g)  was  decomposed  under  the  conditions  of  Expt.  No,  2. 
The  yield  of  nitroso  product  was  0.4015  g  (37.04%). 

SUMMARY 


1.  The  salts  of  l-aryl-3-methyltriazene-3-sulfonlc  acids  are  capable  of  undergoing  hydrolytic  cleavage 
of  the  sulfbnic  group  with  comparative  ease.  The  lability  of  the  bond  between  the  nitrogen  of  the  arylmethyl- 
triazene  and  the  sulfonic  group  increases  vdth  dncrease  in  the  electrophilic  properties  of  the  substitutents  in  the 
benzene  ring. 

2.  Arylmethyltrlazenes  are  obtained  as  the  result  of  hydrolytic  cleavage  of  the  sulfonic  group  from  1- 
aryl-3-methyl-triazene-3-sulfonic  acids,  which  triazenes  are  unstable  in  acid  medium  and  decompose  into 
nitrogen,  methyl  alcohol  and  the  arylamine. 

3.  In  the  cases  where  moderately  electrophilic  substituents  ate  present  in  the  aryl  nucleus  of  l-ajyl-3- 
methylttiazene-3-sulfonlc  acids,  then  simultaneously  with  the  decomposition  reaction  with  the  formation  of  aryl- 
amines  there  proceeds  the  reaction  of  cleavage  into  diazo  compound  and  methylsulfamic  acid,  which  leads  to  the 
formation  of  symmetrical  diaryltriazenes  as  the  final  products. 

4.  On  the  example  of  l-(4'-nltro-2‘-chloro)phenyl-3-methyltrlazene-3 -sulfonate  it  was  established 
that  the  methylaryltrlazenes.  intermediately  formed  as  the  result  of  cleavage  of  the  sulfonic  group,  are  also 
capable  of  decomposing  into  nitrogen  and  the  N-methylarylmine.  The  presence  of  the  least  possible  amount 
of  water  favors  this  type  of  decomposition. 
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SOME  N-DERIVATIVES  OF  AMINO  ACIDS  AND  PEPTIDES 


M.  I.  Plekhan,  S.  R.  Maidashev,  and  N  A.  Kula kovskaya 


Up  to  now  the  separation  of  mixtures  of  amino  acids  and  peptides  has  been  quite  a  difficult  problem.  Even 
the  extensive  development  of  the  new  methods,  like  chromatography  and  electrophoresis  on  filter  paper,  does  not 
always  make  possible  the  complete  separation  of  a  complex  mixture.  The  preparative  methods  for  the  isolation  of 
amino  acids  and  peptides  in  the  form  of  various  derivatives  have  not  lost  their  significance;  for  this  reason  searches 
for  new  substances,  new  derivatives  of  amino  acids,  and  peptides,  suitable  for  preparative  and  isolation  purposes, 
possessing  characteristic  properties,  are  of  interest  from  the  viewpoint  of  investigating  the  composition  and  struc¬ 
ture  of  proteins.  In  the  present  study  a  method  is  described  for  the  preparation  and  characterization  of  hexamethyl- 
enebis-N-carbamyl  derivatives  of  amino  acids  and  peptides,  which  compounds  have  not  been  known:Sn  the  literature. 

1.  Hexamethylenebis-N-carbamyl  derivatives  of  amino  acids.  The  reaction  of  hexamediylene  diisocyanate 
with  sodium  salts  of  amino  acids  in  aqueous  medium  at  room  temperature  for  several  hours  leads  to  the  formation 
of  hexamethyienebis-N-carbamyl  derivatives,  which  are  isolated  by  acidification  of  the  solution.  The  reaction 
proceeds  hardly  at  all  with  die  free  amino  acids,  even  after  a  duration  of  several  days.  Hexamethylene  diiso¬ 
cyanate,  as  we  established,  reacts  widi  two  molecules  of  amino  acid  to  give  a  dicarboxylic  derivative  of  the  gen¬ 
eral  formula  (I).  Reaction  with  one  molecule  of  amino  acid  fails  to  take  place  under  these  conditions;  consequently, 
the  substance,  containing  a  free  amino  group  together  with  a  carboxyl  group,  corresponding  to  the  formula  (EX 
was  not  isolated. 

<NHCONHCHRCOOH  ✓NHCONHCHRCOOH 

(CH2)6<' 

NHCONHCHRCOOH  ^NHz 

(I)  (11) 

The  following  amino  acid  derivatives  were  obtained:  hexamethylenebis-N-carbamylglycine  [Formula  (I), 
where  R  =  H],  hexamethylenebis-N-carbamyltryptophan  [Formula  (I),  where  R  is 

-CHj 


and  hexamethylenebis-N-carbamylaspartic  acid,  isolated  as  the  copper  salt  (III): 

COO- 


(CH2)e<f 


cuo - 1 

I  I 

^NH-CO-NH-CH-CHi-COO-Cu 


'NH-CO-NH-CH-Cl^-COO-Cu 

ioo - 1 


(III) 

The  obtained  amino  acid  derivatives  had  definite  melting  points  and  were  distinguished  by  their  solubility, 
which  permitted  using  them  for  identification  purposes.  In  all  cases,  the  ninhydrin  and  biuret  reaction  were  nega 
tive. 

2.  Hexamethylenebis-N-carbamyl  derivatives  of  peptides.  On  reacting  hexamethylene  diisocyanate  with 
the  sodium  salts  of  glycyl  peptides  under  the  conditions  described  above  for  the  amino  acids,  the  following  hexa- 
methylenebis-N-carbamylpeptides  were  obtained:  hexamethylenebis-N-carbamylglycylglycine 

(CHjlifNHCONHCHzCONHCHjCOOH)!. 

hexamethylenebis-N-carbamylglycylglycylglycine 

(CH2)e(NHCONHCH2CONHCH2CONHCH2COOH)2. 
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and  hexamethylenebis-N-carbamylglycylglycylglycylglycine  (or  hexamethylenebisureidoacetylglycylglycylglycine) 

(CH2]^[NHCONHCH,CO(NHCHjCO)2NHCH2COOH^. 

The  obtained  peptide  derivatives  were  distinguished  by  their  melting  points.  The  ninhydrin  reaction  was 
negative,  the  biuret  reaction  was  positive. 

Diketopiperazine  (cycloglycylglycine)  fails  to  react' with  hexamethylene  diisocyanate  under  the  above  des¬ 
cribed  conditions.  From  the  reaction  mass  were  isolated  glycylglycine,  diketopiperazine  and  polymer. 

In  all  of  die  described  cases  a  polymer,  tiie  reaction  product  of  hexamethylene  diisocyanate  with  water, 
was  obtained  as  a  secondary  product,  which  substance  was  described  by  Bayer  [1]  as  being  a  polyurea,  with  a  highly 
branched  chain.  We  isolated  the  white  amorphous  powder,  which  was  insoluble  m  water,  dilute  alkalis,  dilute  acids, 
and  organic  solvents.  The  substance  was  dissolved  by  heating  in  concentrated  formic,  hydrochloric  and  nitric  acids, 
and  was  reprecipitated  on  cooling  the  solution.  The  polymer  dissolves  when  treated  with  zinc  dust  and  dilute  hydro¬ 
chloric  acid.  When  boiled  with  ninhydrin  solution  the  deposit  is  colored  purple.  The  biuret  reaction  is  negative. 
The  polymers  isolated  from  the  different  reactions  had  a  nitrogen  content  of  17.64  to  19.13%.  The  typical  amount 
of  amino  nitrogen,  determined  by  the  Tsuverkalov  method,  was  around  1%  which  corresponds  to  around  2000  for 
the  molecular  weight. 


EXPERIMENTAL 

1.  Preparation  of  hexamethylenebis-N-carbamylglycine.  The  sodium  salt  of  glycine  (2  g)  was  dissolved 
in  6  ml  of  water  and  2  g  of  HM  (hexamethylene  diisocyanate)  (1  mole  of  HM  and  2  moles  of  glycine)  was  added 
with  good  stirring  at  room  temperature.  After  1  hour  a  white  deposit  appeared,  after  3  hours  the  drops  of  HM 
disappeared  (control  placed  under  the  microscope).  The  white  deposit  was  filtered  and  washed  well  with  water. 
The  filtrate  was  acidified  to  litmus  with  glacial  acetic  acid.  A  large  amount  of  a  finely  crystalline  precipitate 
was  obtained.  The  precipitate  was  filtered,  washed  with  a  small  amount  of  cold  water,  and  recrystallized  from  hot 
water.  Dried  in  a  vacuum  desiccator  and  in  a  Fisher  micro  oven  at  56*.  Yield  0.8  g. 

The  white  finely  crystalline  substance  melts  with  decomposition  at  175-176*;  insoluble  in  organic  solvents, 
is  recrystallized  from  hot  water. 

Found  %  N  15.4;  equiv,  (titration  NaOH)  166.7,  C12H22O5N4  +  1^^  HjO.  Calculated  %  N  15.9;  equiv. 

172.1. 

The  derivatives  of  the  other  amino  acids  and  peptides  were  obtained  under  analogous  conditions. 

2.  Hexamethylenebis-N-carbamyltryptophan.  The  light  straw-colored,  finely  crystalline  precipitate  in  a 
sealed  capillary  sinters  at  111-112*,  and  melts  with  decomposition  at  125*130*.  The  substance  is  readily  soluble 
in  anhydrous  methyl  and  ethyl  acetate;  insoluble  in  water,  ether,  benzene,  acetone  and  chloroform. 

Found  %:  N  13.28;  equiv.  327.  -1-  3H2O.  Calculated  %:  N  13.44;  equiv.  312. 

3.  Hexamethylenebis-N-carbamylaspartlc  acid.  The  fiee  hexamethylenebis-N-carbamylaspartic  acid  is 
soluble  in  water,  insoluble  in  anhydrous  methyl  alcohol,  benzene  and  ether.  Its  copper  salt  was  analyzed. 

Found  %:  N  9.33.  CifiH220nN4Cu2.  Calculated  %  N  9.92. 

4.  Hexamethylenebls-N-carbamylglycylglycine.  The  white  finely  crystalline  precipitate  was  obtained  as 
oval  aggregates  of  ill-defined  elongated  leaflets.  M.p.  215*  (with  decomposition).  Soluble  in  dilute  alkali  and 
insoluble  in  organic  solvents. 

Found  %;  N  18.85;  equiv.  202.7.  C2gH240|I%.  Calculated  %:  N  19.4;  equiv.  215.11. 

5.  Hexametfaylenebis-N-carbamylglycylglycylglycine.  The  white  finely  crystalline  substance  is  insoluble 
in  organic  solvents  and  soluble  in  dilute  alkali.  Negative  ninhydrin  reaction,  positive  biuret  reaction.  M.p.  227- 
229*  (with  decomposition). 

Found  %  N  21.48;  equiv.  281.4.  C24HS4O14N4.  Calculated  %e  N  20.66;  equiv.  278.13. 

6.  Hexametfaylenebis-N-carbamylglycylglycylglycylglycine.  The  white,  finely  crystalline  substance  melts 
with  decomposition  above  260*.  Negative  ninhydrin  reaction,  positive  biuret  reaction.  Insoluble  in  organic  sol¬ 
vents,  sbluble  in  dilute  alkali. 

Found  %:  N  19.04;  equiv.  301.5.  C24H440i2Nn.  Calculated  %:  N  21.2;  equiv.  330.16. 


SUMMARY 


1.  The  reaction  of  hexamethylene  diisocyanate  with  amino  acids  and  with  peptides  gives  hexamethylene- 
bis-N-carbamyl  derivatives  of  the  general  formula  (CHjljfNHCONHCHRCOOH)*. 

2.  The  compounds  hexametliylenebis-N-carbamylglycine,  hexamethylenebis-N-carbamylaspartic  acid  and 
hexamethylenebis“N-carbamyltrypto{rfian  were  obtained,  markedly  differing  in  their  solubilities  and  melting  points. 

3.  The  hexamethylenebis-N-carbamyl  derivatives  of  glycylcycine,  glycylglycylglycine  and  glycylglycyl- 
glycylglycine  were  obtained. 
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INTERNAL  COMPLEX  SALTS  OF  AZO  COMPOUNDS 
11.  REACTION  OF  COPPER  SALTS  WITH  SOME  o-MONOAMINOAZO  COMPOUNDS 

V.  I.  Mur 


On  the  example  of  the  reaction  of  cupric  chloride  with  (o-methoxyphenylazo)-6-naphthol  and  l-phenyl-3 
methyl-4-(o-methoxyphenylazo)-6-pyrazolone  it  was  recently  shown  [1]  that  1:1  complexes*of  nonsulfonated 
o-monohydroxyazo  compounds  ate  capable  of  existence. 


Up  to  now  two  types  of  copper  complexes  with  o-monoaminoazo  compound  have  been  known  [2]:  the  1:1 
complexes  (I)  [3],  obtained  from  o-aminoazo  compounds,  in  which  in  the  second  o-position  to  the  azo  group  are 
contained  the  hydroxy-,  catboxy-  or  other  salt-forming  groups,  and  the  1:2  complexes  (11)  [4-7],  formed  from  o- 
aminoazo  compounds  not  containing  salt-forming  groups  in  the  second  o-position  to  the  azo  group.  Copper  com¬ 
plexes  with  the  second  of  the  indicated  types  of  azo  compounds  of  the  1:1  type  have  not  been  known. 


(coo) 

P-Cu.— NH 

0) 


V-N  ==N 

\  , 


.Cu' 


NH^ 


X=:H,a^»0CH5,C%,. 

(n) 


The  reaction  in  alcohol  medium  of  cupric  chloride  with  (o-methoxyphenylazo)-6-naphthylamine  and  1- 
phenyl-3-methyl-4-(o-methoxyphenylazo)-5-aminopyrazole  (not  given  in  the  literature)  gave  us  complexes  with 
a  1:1  composition,  containing  halogen.  When  these  complexes  are  cleaved  with  dilute  sulfuric  acid,  together  with 
the  resihification  products,  the  original  dyes  are  obtained,  which  permits  assuming  the  presence  of  methoxyl 
groups  in  the  complexes.  Under  the  action  of  ammonia  these  complexes  are  convert&4  fnto  1:2  complexes,  losing 
1  atom  of  copper  and  2  atoms  of  chlorine  for  2  molecules  of  original  complex.  The  identical  1:2  complexes  are 
obtained  by  treating  the  same  azo  compounds  with  an  aqueous  alcohol  ammoniacal  solution  of  copper  sulfate;  the 
reaction  is  accompanied  by  the  formation  of  triazoles. 

The  analytical  data  and  properties  of  the  obtained  complexes  permit  assigning  to  them  the  same  structure 
that  we  had  adopted  earlier  for  the  1:1  complexes  of  o-methoxy-o'-hydroxyazo  compounds  and  depicting  it  by 
formulas  (III)  for  (o-methoxyphenylazD)-6-naphthy famine  and  (IV)  for  l-phenyl-3-methyl-4-(o-methoxyphenylazo)- 
5-aminopyrazole: 


Cm)  (17) 


Analogous  1:1  complexes  for  o-aminoazo  compounds,  containing  in  the  o' -position  to  the  azo  group  such 
atoms  or  groups  as  H,  Cl,  CH3,  COOCH3  and  NOj.  are  not  formed  under  the  conditions  used  by  us;  only  the  forma¬ 
tion  of  triazoles  is  observed. 

*  It  is  customary  to  designate  the  1:1  complexes  as  being  those  complexes  in  which  1  atom  of  copper  is  present 
for  1  molecule  of  azo  compound;  in  accord  with  this,  the  1:2  complexes  contain  1  atom  of  copper  for  2  mole¬ 
cules  of  azo  compound. 
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The  ability  of  o-aminoazo  compounds  to  be  oxidized  by  copper  salts  to  triazoles  has  long  been  known;  as 
early  as  1914  a  patent  [8]  was  granted  on  a  method ’for  the  preparation  of  aryl  triazoles.  Later  the  method  for  ob¬ 
taining  the  triazole  ring  by  the  oxidation  of  o-aminoazo  compounds  with  copper  salts  found  technical  use  in  the 
production  of  lighhfast  azo  dyes  [9].  Certain  investigators  [10]  attempted  to  study  the  influence  of  different  sub- 
stitutents  in  o-aminoazo  compounds  on  the  ease  of  oxidation  of  the  latter  to  triazoles  when  heated  in  different 
solvents;  however,  in  all  cases  arrule  could  not  be  established.  The  ability  of  o-aminoazo  compounds  to  oxidize 
to  triazoles  has  been  investigated  by  Crippa  [6],  who,  in  studying  the  influence  of  certain  substituents  on  the  possi¬ 
bility  of  complex  formation  of  o-aminoazo  and  o-hydroxyazo  compounds  with  copper,  cobalt  and  nickel,  was  un¬ 
able  to  obtain  die  copper  complex  of  (o-nitrophenylazo)-0-naphthylamine. 

It  appeared  interesting  to  us  to  study  the  influence  of  substituents  in  o-aminoazo  compounds  on  the  ability 
of  die  latter  to  undergo  complex  formation  and  oxidation  to  triazoles,  and  to  conduct  the  reaction  with  ammonia- 
cal  copper  sulfate  in  aqueous  alcohol  medium.  The  reaction  of  die  indicated  reagents  was  conducted  under  the 
same  conditions  in  all  cases.  The  experimental  results  are  given  in  the  table.  The  obtained  complexes  were  iden¬ 
tified  by  the  amount  of  copper  in  them;*  the  triazoles  described  in  the  literature  —  by  the  melting  points,  those  not 
described  —  by  the  nitrogen  content.  The  yield  of  the  triazoles  is  not  given  in  the  table,  inasmuch  as  its  direct 
determination  is  impostible. 


TABLE 


If  we  exclude  from  the  study  the  in¬ 
fluence  of  the  CCXXTHs  group,  due  to  its 
anomalous  behavior  (during  complex  for¬ 
mation  the  methyl  radical  is  cleaved  from 
the  o-COOCHs  group  and  the  1:1  complex 
that  is  formed  corresponds  to  the  carboxylic 
acid),  then  in  the  table  the  o'  substituents 
can  be  arranged  in  the  order  of  increasing 
influence  on  the  ability  of  o-aminoazo 
compounds  to  undergo  oxidation  (and  con¬ 
sequently  in  the  order  of  their  decreasing 
influence  on  complex  formation)  as 
OCH,  <CH,<Cl<NOi.  Phenylazo-0- 
naphthylamine  is  an  exception. 

On  comparing  the  degree  of  electro¬ 
affinity  of  the  enumerated  substituents  and 
the  strength  of  their  influence  on  the  ability  of  o-aminoazo  compounds  to  oxidize  to  triazoles,  it  can  be  concluded 
that  a  direct  relationship  exists  between  these  properties.  This  becomes  comprehensible  if  it  is  assumed  that  the 
oxidation  of  o-aminoazo  compounds  to  triazoles  passes  through  the  hydrazone  form,  with  the  process  being  depicted 
in  the  following  manner  (taking  into  account  the  mutual  influence  of  the  atoms  in  the  molecule): 


Substituents  in  die  benzene 
ring  of  the  arylazo-fl-na{rfithyl- 
amine 

Yield  of  complex 
(in  ’’k  of  the  theo¬ 
retical) 

Amount  of  decom¬ 
posed  complex  (in 
%  of  the  original) 

H . 

68 

7.9 

o-OCHj . 

50 

2.9 

o-CHj . 

20 

8.2 

o-CCX)H . 

71 

- 

m-COOCH, . .  . 

65 

13.7 

p-COOCHj . 

61 

4.5 

o-Cl . 

2 

- 

o-NO, . 

0 

- 

m-NOj . 

95 

1.5 

P-NOj . 

87 

1.9 

The  oxidation  of  m-  and  p-NQj  groups  as  a  function  of  their  position  exerts  a  lesser  influence  on  the  process. 

The  postulation  made  by  some  investigators  [4]  that  the  oxidation  of  o-aminoazo  compounds  proceeds  through 
the  stage  of  complex  formation  stands  contradictory  to  our  representations.  The  formation  of  the  triazole  methyl 
ester  and  copper  complex  of  the  carboxylic  acid  when  ammoniacal  copper  is  reacted  with  the  methyl  ester  of 

*  The  identification  of  the  complexes,  described  in  the  literature,  by  the  melting  points  cannot  be  considered 
conclusive,  inasmuch  as  on  heating  they  are  transformed  into  triazoles  before  the  melting  point  is  reached;  for 
example,  on  heating  (p-nitrophenylazo)-6-nai4ithylamine  in  a  capillary  the  substance  gradually  lightens,  is  con¬ 
verted  into  2-(p-nitrophenyl)-naphtho-r,2':4,5-triazole  and  melts  at  236*.  Analogous  transformations  are  suffered 
completely  or  in  part  by2-(o-chlotophenyl)-naphtho-l'.2':4,5-triazole, 2-(o-tolyl)-naphtho-T,2*:4,5-triazole,  etc.. 
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o-carboxyphenylazo-0-naphthylamine  supports  our  postulations. 

The  experimental  results  of  determining  the  stability  of  the  complexes  under  conditions  close  to  those  used 
for  complex  formation  (Table)  do  not  contradict  the  above  said.  The  fact  that  in  the  decomposititm  ]xoducts  of 
certain  complexes  the  original  azo  compounds  were  found  together  with  the  triazoles  indicates  diat  the  formation 
of  the  trlazoles  could  have  proceeded  by  way  of  oxidation  of  the  azo  compounds  obtained  in  the  decomposition  of 
the  complexes.  Consequently,  the  formation  of  triazoles,  occurring  in  the  reaction  of  o-aminoazo  compounds  with 
ammoniacal  copper,  can  proceed  by  two  methods  —  by  the  direct  oxidation  of  the  original  azo  compounds  and  by 
the  oxidation  of  the  azo  compounds  that  are  formed  as  the  result  of  partial  decomposition  of  the  complexes  success¬ 
ful  In  being  formed.  The  relative  amounts  of  formed  complexes  and  triazoles  depends  on  the  ability  of  the  o- 
aminoazo  compounds  to  oxidize  to  trlazoles  and  on  the  degree  of  stability  of  the  complexes. 

EXPERIMENTAL 

The  investigated  o-aminoazo  compounds  were  obtained  by  coupling  the  diazo  compounds  of  the  corres¬ 
ponding  amines  with  the  azo  components  in  acid  aqueous  alcohol  medium;  into  the  formation  of  the  complexes 
were  introduced  the  azo  compounds,  purified  by  recrystallization  from  ethyl  alcohol  and  identified  by  the  melt¬ 
ing  points  or  by  the  nitrogen  content.  l-Phenyl-3-methyl-5-aminopyrazole  was  obtained  by  the  condensation  of 
diacetonitrile  with  phenylhydrazine  and  subsequent  cyclizatlon  of  the  obtained  cyanoacetonephenylhydrazone  [11]; 
despite  the  repeated  attempts  made  to  aminate  l-phenyl-3-methyl-5-pyrazolone  we  were  unable  to  obtain  the 
corresponding  aminopyrazole  by  this  method.  The  1:1  complexes  of  copper  with  o-methoxyphenylazo-B-naphthyl- 
amine  and  l-phenyl-3-methyl-4-(o-‘methoxyphenylazo)-5-aminopyrazole  were  obtained  under  the  earlier  des¬ 
cribed  conditions  [1]  used  for  the  formation  of  the  corresponding  1:1  complexes  of  o-methoxy-o' -hydroxyazo  com¬ 
pounds.  and  were  purified  by  washing  with  hot  alcohol.  We  determined  the  amounts  of  copper  and  chlorine  in  the 
complexes  by  an  earlier  adopted  method  [1]. 

Copper  salt  of  o-methoxyphenylazo-S-naphthylamine.  Brownish  red  needles,  m.p.  197*. 

0.4324  g  sub.;  11,38  ml  0.1  N  NajSzO,.  0.1033  g  sub.:  27.4  ml  0.01  N  AgNO^.  3.337  mg  sub.j  0.329  ml 

Nj  (18*.  736.3  mm).  Found  %  Cu  16.73;  Cl  9.42;  N  11.20.  CuHi40N8ClCu.  Calculated  %  Cu  16.95; 

Cl  9.46;  N  11.19. 

The  substance  is  cleaved  by  sulfuric  acid  with  the  formation  together  with  tany  products,  of  the  original 
dyes  with  m.p.  132-133*  (the  mixed  melting  point  with  the  original  dye  failed  to  show  a  depression).  The  reac¬ 
tion  with  an  aqueous  alcohol  solution  of  ammonia  at  room  temperature  is  accompanied  by  the  loss  of  2  atoms  of 
chlorine  and  1  atom  of  copper  per  2  molecules  of  complex,  which  is  confirmed  by  the  analysis  data  obtained  for 
the  reaction  filtrate  and  the  isolated  complex,  which  complex  was  found  to  be  Identical  with  the  1:2  complex  that 
is  obtained  when  the  same  azo  compound  is  reacted  with  aminoniacal  copper  sulfate  in  aqueous  alcohol  medium. 

Found  <%;  Cu  10.34.  Calculated  <^5):  Cu  10.43. 

Copper  salt  of  l-phenyl-3-methyl-4-(o-methoxy{rfienylazo)-5-aminopyrazole.  The  original  azo  compound 
is  obtained  as  yellow  rhombic  plates  (from  alcohol;  under  the  microscope),  m.p.  93.5-94.5*. 

3.285  mg  sub.:  0.658  ml  Nj  (23.5*,  745.3  mm).  Found  N  22.61.  C^HnONj.  Calculated  %  N  22.80. 

When  the  azo  compound  is  reacted  in  alcohol  solution  with  cupric  chloride  the  1:1  complex  is  obtained  as 
bright  yellowish  brown  needles;  m.p.  220*  (with  decomposition;  determined  by  the  method  of  introducing  the 
capillary  with  substance  into  the  preheated  apparatus). 

0,2290  g  sub.:  5.59  ml  0.1  N  NajSjO^.  2.950  mg  sub.:  0.442  ml  Nj  (20*.  742.1  mm).  Found  %  Cu  15.52; 

N  17.05.  CirH^gONgClCu.  Calculated  Cu  15.69;  N  17.28. 

The  complex  is  cleaved  by  sulfuric  acid  with  the  formation  of  the  original  dye.  When  treated  with  an  alco¬ 
holic  ammonia  solutirm  die  substance  is  converted  to  the  1:2  complex,  with  the  separation  of  chlorine  and  copper. 

0.3456  g  sub.:  5.02  ml  0.1  N  NaiSjO^,  Found  <%:  Cu  9.24.  (CctHi*ON5)2Cu.  Calculated  «k  Cu  9.39, 

Reaction  of  o-aminoazo  compounds  with  ammoniacal  copper  sulfate.  The  mixture  of  an  alcohol  solution 
of  the  azo  compound  and  an  excess  of  aqueous  ammoniacal  copper  sulfate  solution  was  boiled  for  1  hour,  after 
which  the  mixture  was  diluted  with  cold  water  and  the  yield  of  complex  was  deteriiUned  from  the  amount  of 
complex  bound  copper  in  the  obtained  precipitate.  After  extracting  the  precipitate  with  hot  ethyl  alcohol  the  iden¬ 
tity  of  the  complex  was  determined  from  the  coppter  content;  the  alcohol  was  removed  from  the  extract  by  distilla¬ 
tion  and  after  recrystallization  of  the  newly  obtained  precipitate  the  triazole  was  identified  by  its  nitrogen  content. 
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In  the  experiments  with  o-tolyl-,  o-chlorophenyl-  and  the  methyl  ester  of  m-carboxyphenylazo-fl-naphthylamine, 
together  with  the  triazoles,  the  original  dyes  were  isolated. 

Under  the  conditions  of  the  presented  method  were  obtained  the  triazoles  and  1:2  copper  complexes  of  phenyl - 
azo-6-naphthylamine.  (o-methoxyphenylazo)-0-naphthylamine,  (o-tolylazo)- 6-naphthylamine,  (m-  and  p-nitro- 
phenylazo)-6“naphthylamine  (all  described  in  the  literature),  (o-chlorophenylazo)-6-naphthylamine  and  the  methyl 
estefiof  0-,  m-  and  p-carboxyphenylazo)-6-naphthylamine  (not  described  in  the  literature), 

Copper  salt  of  (o-chlorophenylazo)-8-naphthylamine.  Dark  crystals  with  greenish  luster,  under  the  micro¬ 
scope—  dark  rhombic  prisms;  on  heating  melts  at  128*,  which  corresponds  to  the  melting  point  of  2-(o-chlorophenyl)- 
n  aphtho  -  r ,  2* :  4, 5  -  tri  azole . 

0.08  93  g  sub.:  1.41  ml  0.1  N  NajSjOj.  Found  Cu  10.04.  (CtfHuNjCDiCu.  Calculated  Cu  10.18. 

Copper  salt,  obtained  from  die  methyl  ester  of  (o-carboxyphenylazo)-6-naphthylamine.  Reddish  brown 
needles  under  the  microscope,  not  melting  up  to  360*. 

0.2048  g  sub.:  5.79  ml  0.1  N  Na^SjOj.  Found  %:  Cu  17.96.  CuHnOzNaCu.  Calculated  Cu  18.03. 

When  cleaved  with  sulfuric  acid,  a  substance  separates,  after  recrystallization  from  alcohol  melting  at  165- 
166*  and  failing  to  give  a  melting  point  depression  with  (o-carboxyphenylazo)-6-naphthylamine. 

Copper  salt  of  the  methyl  ester  of  (m-carboxyphenylazo)-8-naphthylamine.  Brown  plates;  on  heating  is 
gradually  converted  into  the  corresponding  triazole;  melts  below  the  melting  point  of  the  latter. 

0.0940  g  sub.:  1.43  ml  0.1  N  NaaSjOj.  Found  Cu  9.65.  (CuHMOjNjlaCu.  Calculated  Cu  9.46, 

Copper  salt  of  the  methyl  ester  of  (p-carboxyphenylazo)-fl-naphthylamine.  Dark  brown  needles,  behaves 
in  the  same  manner  as  the  preceding  compound. 

2-(o-Nltrophenyl)-natditho-l'.2':4t  5-triazole.  Pale  pink  needles,  m.p.  124.3-125*  (from  the  literature,  135*). 

4.516  mg  sub.:  10.962  mg  CO*;  1.420  mg  HjO.  2.982  mg  sub.:  0.507  ml  Nj  (22.6*.  739  mm).  Found 

C  66.24;  H  3.51;  N  19.09.  Ci,Hi,OiN4.  Calculated  ‘fc  C  66.21;  H  3.45;  N  19.31. 

2-(o-Chloro{Aenyl)-naphtho-l'. 2' ;4. 5- triazole.  Colorless  needles,  m.p.  128-128.5*. 

3.224  mg  sub,:  0.429  ml  Nj  (24*.  735  mm).  Found  %  N  14.78.  CuHi^NjCl,  Calculated  N  14.03. 

Methyl  ester  of  2-(o-carboxyphenyl)-nat^tho-l',2‘:4. 5-triazole.  Colorless  needles,  m.p.  217,-5-218.5*. 

3.120  mg  sub.:  0.387  ml  Nj  (18.5*.  731.7  mm).  Found  %r.  N  13.98.  Ci,HijOiNj.  Calculated  N  13.86. 

Methyl  ester  of  2-(m-carboxyphenyl)-naphtho-l'.2':4.5-trlazole.  Colorless  needles,  m.p.  150-150.7*. 

2.700  mg  sub.:  0.340  ml  N*  (23*.  736.7»mm),  Found  %:  N  14.08.  CuHuOaNj.  Calculated  <%:  N  13.86. 

Methyl  ester  of  2-(p-carboxyphenyl)-naphtho-l', 2*  ;4. 5-triazole.  Colorless  needles,  m.p.  181.5-182,5*. 

2.790  mg  sub.:  0.340  ml  Nj  (21*.  737.6rmm).  Found  N  13.77.  CuHuOjNj,  Calculated  N  13.86. 

Behavior  of  copper  salts  on  heating  in  an  aqueous  alcohol  ammonia  solution  medium.  A  mixture  of  copper 
salt  of  the  o-aminoazo  compound  and  an  aqueous  alcohol  ammonia  solution  was  boiled  for  1  hour,  the  mixture  was 
filtered  after  cooling  (the  complex  present  in  the  precipitate  was  identified),  the  alcohol  was  distilled  from  the 
filtrate  and  in  the  aqueous  solution,  separated  from  the  freshly  obtained  precipitate  (in  the  latter  was  established 
the  presence  of  the  triazole  and  the  azo  compoimd),  was  determined  the  amount  of  copper,  corresponding  to  the 
amount  of  decomposed  complex  (Table). 

SUMMARY 

1.  A  number  of  tiiazoles  and  complexes  of  copper  with  o-aminoazo  compounds  were  obtained. 

2.  On  the  example  of  copper  complex  formation  with  (o-methoxyphenylazo)-6-na)[iithylamine  and  1-phenyl- 
3-methyl-4-(o-methoxyphenylazo)-5-aminopyrazole  was  shown  the  possibility  for  the  existence  of  1;1  complexes 
of  o-methoxy-o'-aminoazo  compounds. 

3.  It  was  shown  that  in  measure  with  increasing  influence  on  the  oxidation  of  o-aminoazo  compounds  the 
o -substituents  can  be  arranged  in  the  order:  OCH3<  CHs<  Cl<  NQt. 
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4.  Some  evidence  was  presented  in  support  of  the  postulation  that  the  oxidation  of  o*aminoazo  compounds 
to  triazoles  {xoceeds  dirough  the  hydrazone  form. 

LITERATURE  CITED 

[1]  V,  L  Mur.  J.  Gen.  Chem..  24,  572  (1954).* 

[2]  H.  D.  K.  Drew  and  J.  K.  Landquist,  J,  Chem.  Soc.,  1938,  292;  R.  Specklin,  Teintex  (10),  15,  451  (1950). 

[3]  W.  T.  Beech  and  H.  D.  K.  Drew,  J.  Chem.  Soc.,  1940,  603. 

[4]  G.  Charrier  and  A.  Beretta,  Gazz.,  56,  865  (1926). 

[5]  A.  Cremoninl,  Gazz..  58,  372  (1928). 

[6]  G.  B.  Crippa.  Gazz.,  58,  716  (1928). 

[7]  G.  B.  Crippa.  Gazz.,  57  .  497  (1927). 

[8]  German  Patent  273.443;  Friedl.,  XH.  424. 

[9]  French  Patent  957.187;  Chem,  Zentr.,  1,  3422  (1951);  British  Patent  633,206;  Soc.  Dyers  and  Col.,  (5), 
66,  299  (1940);  Swiss  Patent  229,350;  Chem.  Abs.,  43.  5964  (1949);  United  States  Patent  2,448,870;  Chem.  Abs., 
43.  3625  (1949). 

[10]  G.  B.  Crippa.  Gazz..  55,  706  (1925);  Chem.  Zentr.,  1,  933  (1926). 

[11]  E.  Mohr,  J.  prak.  Chem.,  (2),  79,  1  (1909). 

Received  September  6.  1954  The  K.  E.  Voroshilov  Institute  of  Organic 

Intermediates  and  Dyes 


•  See  Consultants  Bureau  Translation,  page  585. 


359 


li 


rt»  .  xW(»i>>  9n«waii*ifJf  »bvi«jf  .ajq  V-iiwait!. 

^V;  ^■I3'i»4«»  A»?5:»rv  'isTf6i'''S5fe'tAfit  r!y'  r-'*  •■'' 


p.;,;,'  •■  A..  ■«-■£'  t«-iii-.'''^  - '-•  ■•■  .‘»«r-  iJ-'U '..n  ■'/='■,  ,.  •■ '  -  ••  ‘  “•  ■  ■*•  ’''  .  ,  '.  1 ' 

{'f  s-sse:'- ■  r<^  i*. *.—  ^  W**‘  «.fc.i'>?  nf 

■  .il'fi ‘acer  ,:bcv;  '■*  Ji  t?1 

'*•  ..  ■■  '  ’Sy  -  . .  .i('!/i\#«i  ,..^. .(,r..o\p'a  .ws«C‘J>  K‘*W ^ 

■  -■■  >••■  /■•■-■<'^.'  ..  /  v.-.'a'!  *  ,V  ■‘" 

"  na^.  f.  .'  '•  :  !  '.Oiv  ,(.'>**1J) -ASS  ,5d  .rx.r.«i  .A  bn*  isfr'^rwO  .r?  {>3 

■:  '•  ’  S  .hJ-  ••'■ 

CcTfitii  ul*  ■*’•  ^  J  f j^&i»  W< »}'  (« * ^ aita^'g  w  tlf  ^  li']» ' 

*  *'■  -rsrw'afr,  r'CiriR!!  r!  .^r’l  .^rr«i)  J*  .''<■.  .w^qtO  .5  ,iJ  m 

:.  ''*■'  •  '  ’  ■'■•  '  •  *  '  A- fT>tt«-  tv.  c  ;*^.-jjx;,.' ;b«iW^  )h  sffeV\iiijif:v'S  'f'')  ' 

22i-fe  .¥’  nr*'^.  ''*' 

I  i  #>4^^  *44^  -nri^r;  }(4*  Jf.),^r  C  .'‘•r 

■  •?’*>  :*  ‘f  :  i'  .  ■ '  fvf  (■%  •  *:j)|i<ynfybt..  .u  ■:rl',r.'.  \'  ■’ 

‘  '  ”*••»■’•*'  •*  ■*  '.  ,  jBA*i  .rft^b  kiisWv  !-1'  l 

(/$nfc.  ♦•'  ai''.  Ji  Ri-.v-v';  '  -t' •*' liX^^ 

_  •■  ..-'jLJvj  of  (a*c*A^y^w^v."  ■•..  '’■'■.•f'j'.J*!!-; >?*'  '  „  •"'■  -•■'''  ^'  ' 

i»)fiO 'O  #;:jTtnwil »■«-*£  .9  r^dJH^vj^a  sVis-’isJI 


l,5-,'t;-t‘  '.Si; 


i 


'i  •  :»*.•  .UL\*  15  'Jfi'.  :.  A.  !  4r^  r  A  11^0.  v..o,  :■ 

. C  ■'  ■'  ^  S.^1'  *9  ■  ^  ^  J-JtHii.'Jr  •  -yv.  ■-’  1.' .  -1  ■.  4 

">iV’C>t!-art  '^.  ' '■  ^-  o ;,  i> •  .lad.. .  '■  • 

;r.^  ’i\.  f  f  .w  1h,v  7i#i  <:./(  -,J 


*4<t  •,■. '  I  ^uu 


9,,*  iv  Irun  ^  •  '■  .V.!  "• 


j.'^or  ft  v.-.w*  vv.:  K,  ^5*?*.  '‘3c.:-.;Tji/v;.,  r-  -r  i*.<'‘^  *•  tajst*’  'u  •:  ■  "iM 

Merh/i 

2.?iiV  ;^;g>*jiv,.  V.S4,;  *i  ,  St  t^O*.  ’S7. wnj*  1^7/4 '■.  SiSv"*?,  C-U avil  *V  /? 

■' ■  ■  ■  t£ 

i»rhiy.n7i  >  -j  :<!!t  V.>-.‘{iv^  :r-  ^ <,■:». .wu  -■  a  ,;-.:ii)v=.v' 

•tlr  -V  tfSif  o^^'<  -'C»T<>  rtJ?n^ue;‘  ij  C  tiv  ?  nri«'-'.i;i.  >*s.i,  a jti  i.x  U*.-  •nix\:.*r  'ii~» 

':"  tiita^nNi  «.luer  c-jOU-s^  ■  «  ?  v*n  pic*  p:»?-,.i,c  Ja  ift«  ;ij*a:  /ii-i.*  viiiiUtlsJ!;,  tV  .  >>  ujo 

,  ftlftrAtsr  atK*  tf  ?*£<  i>^.>-4t...-  ’  i.jii.'.S's,  ft».vm  clit'.  Jrr.i&j  4“  -.xd;  r.t  :  i  l^itjLr  w;k «-t4:»iisW4 

^  'jjfa&ra.-r  .'  f/SJ.a-f,  a-..  Jiw  Afr»>  c«'’'irH<uftd>,  WA*  oetr-TryA.  •.  bi  '  ^E>  ?fc^ 


C  W  >i  A  f-  V 


1.  A  siJjrrbt.  s«.'  ei*  wife*  Aiirt  ccui^^ffscl  eftpoet  ■wUb  o-arnlai«A*w  vra* 

D 

3.  Oft  iint  i'XAn'^is  fisf  '.-ttppcK  c«>nvpi«x  iitAqrwtkMt  »:ija  1  -fh«  rtj'. 

4‘Bvf  ftiefiKXiHc  pOiliL''MUiv  fi3»,  KDA:  C-t  '  '.L 

/fC^'ftVsCbcxy rqwjtTitft-ii,  i^a  -SffiS.  ^ 

,  .1*  -H  tea*  dnw/.  iJ',*! ;.  mavAic-  «Ua  y*  site  «*4i4ajlJtr:^vv/  ?ri«*peaaw 


REACTION  OF  NITRO  DERIVATIVES  OF  BE  NZE  NES  ULF  E  N  AMIDE 

WITH  CARBONYL  COMPOUNDS 

N.  V,  Khromov -Borisov  and  M.  B,  Kolesova 


As  a  rule  the  unsymmetrical  hydrazones,  in  contrast  to  the  oximes,  do  not  display  geometric  isomerism,  al 
though  they  ccxitain  the  double  bond  C=N.  This  is  explained  [1]  by  the  different  influence  of  the  OH  (in  oximes) 
and  NHj  (in  hydrazones)  groups  on  the  "rigidity"  of  the  C=N  double  bond. 


R'-C-R" 

N^^O-H 

(I) 


R'-C-R" 

N-^N^ 

(H) 


H 
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Due  to  the  fact  that  nitrogen  possesses  less  affinity  for  electrons  than  does  oxygen,  in  the  hydrazones  (II)  the 
displacement  of  the  it  -electrons  is  more  pronoum^ed  than  it  is  in  the  oximes  (I);  consequently,  in  the  hydrazones  due 
to  the  marked  decrease  in  the  double  bond  nature  of  the  C=N  bond  the  rotation  around  this  bond  proves  to  be  slightly 
difficult  and  geometric  Isomerism  is  impassible. 


If  into  the  NH|  group  of  the  hydrazone  a  substituent  is  introduced,  which  substituent  is  strong  enough  to  draw 
away  in  the  opposite  direction  the  unshared  pair  of  electrons  found  in  the  NHj  group,  then  it  becomes  possible  to  in¬ 
crease  the  degree  of  unsaturation  of  the  atoms  in  the  C=N  grouping  (the  "rigidity"  of  the  C=N  bond)  and  as  a  result 
of  this  to  effect  the  appearance  of  geometric  isomerism. 


R’-C-R" 

II 

N-N- 


Ch 


(Ill) 


It  was  found  that  the  p~nitrophenylhydrazones  (III)  still  fail  to  display  geometric  isomerism,  while  at  the  same 
time  it  was  found  that  certain  2,4-dinitrophenylhydrazones  (IV)  can  be  obtained  in  the  form  of  two  geometric  iso¬ 
mers  [1], 


In  increasing  order  of  affinity  for  electrons  the  elements  oxygen,  sulfur  and  nitrogen  can  be  arranged  as  follows: 
O  (+  17  kcal.),  S  (+  48  kcal.)  and  N(— 17  kcal.)  (2-4);  consequently,  with  other  conditions  constant  the  sulfur  analogs 
oi  the  oximes  (we  will  call  them  thioximes)  should  possess  a  lower  "rigidity"  of  the  C=N  bond  than  the  oximes,  and 
a  greater  "rigidity*  than  the  hydrazones. 

In  the  present  study  we  decided  to  verify  these  theoretical  considerations  by  the  method  of  synthesizing  and 
studying  the  mono-  and  dinitrophenylthioximes,  i.e.  compounds  having  the  structures  (V)  and  (VI): 


Inasmuch  as  sulfur  possesses  a  much  greater  electron  affinity  than  does  nitrogen,  it  can  be  expected  that  not 
only  the  dinitrophenyl  derivatives  of  the  thioximes  (VI),  but  also  the  mononitrophenyl  derivatives,  (V);  are 
capable  of  existing  in  the  form  of  two  geometric  isomers. 

To  compare  in  this  respect  the  oximes  with  the  unsubstituted  thioximes  is  as  yet  impossible,  since  the  sulfur 
analog  of  hydioxyamineNt^-SH  needed  for  the  synthesis  of  the  latter,  doss  not  exist.  Its  derivatives,  needed  for  the 
synthesis  of  the  thioximes  (V)  and  (VI),  belong  to  the  class  of  amides  of  sulfenic  acids  or  sulfenamides  and  are  usu¬ 
ally  obtained  by  the  reaction  of  sulfenyl  halides  with  ammonia: 

- ►  R-S  -Cl  +  NH,  -R-S  -NHj  +  HCl. 
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In  this  manner  we  obtained  both  the  described  in  the  literature  p-nitrobenzenesulfenamide  [5]  and  the  un¬ 
known  2,4-dinitrobenzenesulfenamide. 

Up  to  the  present  time  a  special  study  of  the  reaction  of  sulfonamides  with  carbonyl  compounds  has  not  been 
made.  However,  a  method  is  given  in  the  literature  for  the  condensation  of  certain  sulfonamides  with  benzaldehyde 
and  acetone;  in  this  ccnnection  it  is  indicated  that  this  reaction  fails  to  proceed  with  other  carbonyl  compounds  [6-10], 

For  studying  the  condensation  of  sulfonamides  with  carbonyl  compounds  we  selected  representatives  of  diverse 
carbonyl  compounds:  p-dimethylaminobcnzaldehyde,  acetone,  acetoacetic  ester,  acetophenone,  benzophenone  and 
Michler's  ketcme.  At  the  start  we  attempted  to  conduct  the  condensation  of  sulfonamides  with  p-dimethylaminoben- 
zaldehyde  under  the  conditions  described  in  the  literature,  i.e.  by  boiling  the  reactants  in  alcohol.  Negative  results 
were  obtained.  After  trying  different  reaction  methods  it  was  discovered  that  the  condensation  proceeds  quite 
easily  if  the  reactants  are  boiled  in  alcohol  in  the  presence  of  a  small  amount  of  ammonium  chloride.  It  was  found 
that  the  latter  is  also  a  necessary  catalyst  for  reaction  in  the  case  of  other  carbonyl  compounds.  To  be  sure,  not  all 
carbonyl  compounds  enter  into  this  reaction  with  the  same  ease.  The  easiest  of  all  to  react  with  sulfenamides  ate 
the  aldehydes,  somewhat  more  difficult  are  the  aliphatic  ketones,  considerably  more  difficult  are  the  aliphatic -arom¬ 
atic  ketones  and,  finally,  the  purely  aromatic  ketones  in  general  fail  to  react  with  sulfenamides  under  the  given  con¬ 
ditions. 

On  the  matter  of  the  rate  of  formation  of  thioximes  it  can  be  stated  that  this  rate  is  considerably  slower  than 
it  is  for  the  formaticxi  of  the  corresponding  oximes  [11,12]. 

Similarily  the  oximes,  the  thioximes  are  decomposed  under  the  influence  of  hydrochloric  acid,  ftxming  the 
original  carbonyl  compound.  As  is  known,  the  0-ethers  of  oximes  are  easily  saponified  by  alkali  [13],  while  at  the 
same  time  the  S  -ethers  of  the  thioximes  fail  to  react  with  alkali. 

In  studying  the  condensation  of  sulfenamides  with  carbonyl  compounds  we  were  able  to  show  that  certain  un- 
symmetrical  thioximes,  containing  the  mononitrophenyl,  as  well  as  the  dinltrophenyl  radical,  are  actually  capable 
of  existing  in  the  form  of  two  isomers.  We  were  able  to  obtain  the  isomeric  thioximes  by  reacting  p -nitrobenzene - 
sulfenamide  and  2,4-dinitrobenzenesulfenamide  with  p-dimethylaminobenzaldehyde  and  acetoacetic  ester. 

As  was  to  be  expected,  in  the  reaction  with  acetone  only  single  reaction  products  were  obtained  for  each  sul¬ 
fenamide. 

We  were  unable  to  obtain  the  thioximes  of  acetophenone  in  the  form  of  two  geometric  isomers,  although  their 
existence  appears  possible  to  us.  However,  here  it  should  be  mentioned  that  the  oximes  of  aryl  alkyl  ketones,  as  a 
rule,  are  also  known  only  in  (»ie  form  [14].  At  the  present  time  only  one  aryl  alkyl  ketoxime,  namely,  the  oxime 
of  isobutyrophentxtone.  is  known  in  two  forms  [15]. 

The  thioximes  obtained  by  us  can  all  be  recrystallized  from  the  same  solvent;  in  this  ccmnection  they  remain 
unchanged;  this  demonstrates  the  fact  that  we  are  not  dealing  with  isomorphous  substances.  We  were  unable  to  use 
the  cryoscopic  method  for  determining  the  molecular  weights  of  the  isomers  due  to  their  poor  solubility  in  benzene, 
nitrobenzene  and  other  solvents,  suitable  for  cryoscopy.  Determinaticm  of  the  molecular  weight  by  the  Rast  method 
gave  the  same  values  f(x  isomeric  thioximes,  although  these  values  differed  considerably  from  those  calculated  for 
the  formula. 


In  contrast  to  the  corresponding  hydrazones,  in  which  a  hydrogen  atom  is  found  attached  to  a  nitrogen  atom, 
out  thioximes  are  devoid  of  hydrogen  at  the  sulfur  atom;  consequently,  for  them  the  possibility  of  tautomerism,  sim¬ 
ilar  to  the  azo-hydrazone  tautomerism,  is  eliminated.  This  gives  us  a  right  to  believe  that  here  we  ate  actually 
dealing  with  geometric  isomers  of  the  thioximes. 


CH,  -C  -CH,  -COOCjH, 


N-S-R 


and 


CH,-C-C1^  -COOCjH, 
R-S-N 


As  is  known,  certain  0-ethers  of  the  oximes  by  simple  heating  undergo  the  Beckmann  rearrangement  [13,16]. 
Our  attempts  to  perform  a  similar  rearrangement  on  the  above  enumerated  S -ethers  of  thioximes  remained  unsucc¬ 
essful. 
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It  should  be  mentioned  that  ve  were  unable  to  transform  a  single  one  of  the  four  thioximes  of  acetoacetic 
ester  into  the  corresponding  heterocycle.  For  these  reasons  we  cannot  as  yet  assign  a  definite s>patial  configuration 
to  the  obtained  geometric  isomers  of  thioximes. 

In  all  of  the  examined  cases  the  formation  of  the  labile  isomer  proceeded  at  a  much  faster  rate  than  did  the 
formation  of  the  stable  fcxrm.  This,  if  a  short  reaction  period  was  employed,  then  the  labile  isomer  was  predomi¬ 
nantly  obtained;  in  measure  with  increase  in  the  reaction  time  the  stable  isomer  began  to  accumulate.  It  was  possi¬ 
ble  to  determine  the  Umits  within  which  practically  only  the  labile  isomer  is  obtained,  the  mixture  of  labile  and 
stable  and,  finally,  only  the  stable  isomer.  The  labile  isomers  of  the  thioximes  have  a  lower  melting  point,  a 
greater  solubility  in  organic  solvents  and  a  deeper  color  than  the  stable  isomers.  Transformation  of  the  labile  iso¬ 
mers  into  the  stable  form  is  observed  on  boiling  the  labile  isomers  in  alcohol,  on  heating  them  above  the  melting 
point,  and  on  treating  them  with  concentrated  sulfuric  acid.  We  were  unable  to  demonstrate  the  reverse  transition 
of  stable  isomers  into  the  labile  form.  We  failed  to  observe  this  transition  even  under  prolonged  exposure  of  the 
stable  isomer  to  ultraviolet  radiation,  which,  as  is  known,  in  certain  cases  effects  the  transition  of  stable  oximes  into 
the  labile  form  [17]. 

The  ability  to  obtain  the  stereoisomeric  mononitrophenylthioximes  ccnfirms  the  fact  that  the  sulfur  in  thiox¬ 
imes  lowers  the  "rigidity"  of  the  bond  in  C=N  to  a  lesser  degree  than  does  the  nitrogen  in  hydrazones.  The  latter 
are  obtained  in  the  form  of  stereoisomers  only  in  the  presence  of  two  or  three  nitro  groups  in  the  phenylhydrazine 
molecule  [1].  The  question  of  whether  this  phenomenon  of  geometric  isomerism  will  disappear  in  the  case  of  un- 
substltuted  phenylthioximes  remains  unanswered  due  to  the  inability  of  obtainii^  the  unsubstituted  benzenesulfen- 
amide  [18]. 


EXPERIMENTAL 

Synthesis  of  2.4-dinitrobenzenesulfenamide.2,4-Dtnltrobenzenesulfenyl  chloride  [19],  obtained  from  10  g  of 
2,2',4,4' -tetranitrodiphenyl  disulfide  [20]  (this  compound  should  not  be  dried  due  to  its  strongly  explosive  nature), 
is  diluted  with  200  ml  of  ether,  and  this  suspension  is  added  to  150  ml  of  24*^  ammonia  solution.  A  dark  brown  pre¬ 
cipitate  of  2,4-dinitrobenzenesulfenamide  is  formed.  The  ether  is  removed  by  evaptxation;  the  precipitate  is  fil¬ 
tered,  washed  with  water,  aid  dried  at  60-80*.  Yield  of  cmde  product  7  g,  m.p.  110 -115*.  After  recrystallization 
from  alcohol,  m.p.  119-120*.  Yield  65.5*7i>.  Dark  yellow  fine  slender  needles.  Soluble  in  hot  alcohol,  chloroform, 
benzene  and  ethylene  dichloride,  poorly  soluble  in  ether,  practically  Insoluble  in  water.  Stable  in  alkali  solution, 
and  under  the  action  of  hydrochloric  acid  it  evolves  ammonia  and  forms  2,2',4,4' -tetranitrodiphenyl  disulfide. 

0,1026  g  sub.;  17.3  ml  1%  (20“,  762  mm).  0.0977  g  sub.;  16.3  ml  1%  (18*.  757  mm).  0.1361  g  sub.;  0.1661  g 
CO^;  0.0316  g  H,0  •  0.0917  g  sub,;  0.1132  g  CO^;  0.0260  g  1^0  •  0.0931  g  sub,;  0.1042  g  BaSQ*.  0.1341  g  sub.: 
0.1442  g  BaSQi.  Found  ^ ;  N  19.5,  19.3;  C  33.3,  33.5,  H  2.6,  3.1;  S  15.1.  15.2;  CgHsQtNjS.  Calculated  N19.2; 

C  33.4;  H  2.3;  S  14.9. 

Condensation  of  p-nitrobenzenesulfenamide  with  p-dimethylamlnobenzaldehyde.  a)  Preparatiat  of  the  labile 
isomer  of  the  p -nitrophenyltMoxime  of  p-dimethylaminobenzaldehyde.  One  gram  of  p-nitrobenzenesulfenamide 
and  1  g  of  p-dimethylaminobenzaldehyde  were  dissolved  with  heating  in  40  ml  of  alcohol,  a  small  amount  of  amm¬ 
onium  chlcvide  was  then  added  and  the  mixture  was  bcdled  for  10-15  minutes.  On  cooling  the  solution  there  sep¬ 
arates  0.6  g  (34^)  of  orange  precipitate,  m.p.  145 -150*,  Dilution  of  the  filtrate  with  water  results  in  the  precipit¬ 
ation  of  unchanged  p-nitrobenzenesulfenamide  and  p-dimethylaminobenzaldehyde.  After  recrystallizaticm  from 
20  volumes  of  alcohol  the  condensation  product  melts  at  154-155*  Tiny  orange  needle  crystals.  Readily  soluble 
in  chloroform  and  ethylene  dichloride,  soluble  in  hot  alcohol,  difficultly  soluble  in  ether,  insoluble  in  water. 

0.0900  g  sub.;  11.4  ml  1^  (18*,  748.5  mm)  .  0.1222  g  sub.;  15.2  ml  1^  (20*,  753  mm).  0.1053  g  sub.:Qj.2304  g 
CO^;  0.0486  g  H,0.  0.0977  g  sub.;  0.2140  g  CO^;  0.0420  g  1%0.  0.0971  g  sub.;  0.0773  g  BaSQ*.  0.1279  g  sub,; 

0.1036  g  BaSQi.  Found  N  14.4,  14.2;  C  59.5.  59.6;  H  5.2,  4.8;  S  10.8,  11.0.  Calculated 

N  13.9;  C  59.8;  H  5.0;  S  10,6. 

b)  Preparation  of  the  stable  isomer  of  the  p-nitrophenylthioxime  of  p-dimethylaminobenzaldehyde.  A  solu - 
tion  of  1  g  of  p-nitrophenylbenzenesulfenamide  and  1  g  of  p-dimethylaminobenzaldehyde  in  40  ml  of  alcohol 
with  a  small  amount  of  ammonium  chloride  was  boiled  for  4  hours.  The  precipitate  obtained  in  the  reaction  pro¬ 
cess  was  periodically  filtered  from  the  hot  solution,  while  boiling  of  the  filtrate  was  con  tinned.  In  this  case  only 
the  stable  isomer  is  obtained,  m.p.  167-168*.  Yield  of  product  0.9  g  (51^).  Boiling  of  the  solution  in  excess  of  4 
hours  falls  to  increase  the  yield  of  condensation  product.  The  thioxime  is  recrystallized  from  chlortrform.  M.p. 
172-173*.  Bright  red  needlelike  crystals,  soluble  in  hot  chloroform  and  ethylene  dichloride,  difficultly  soluble  in 
hot  alcohol,  practically  insoluble  in  ether  and  water. 
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0.1224  g  sub.:  15.1  ml  N,  (20*.  762  mm).  0.1106  g  sub.:  13.2  ml  N,  (18*.  761  mm).  0.0800  g  sub.;  0.1744  g 
CO^i  0.0397  g  HjO.  0.0981  g  sub.;  0.2147  g  CO^;  0.0461  g  H,0.  0.1129  g  sub.:  0.0830  g  BaSQ*.  0.1448  g  sub.: 

0.1166  g  BaSQi.  Found  lo  :  N  14.2.  13.9;  C  59.4,  59.6;  H  5.48,  5.3;  S  10.0,  11.0.  qjHijQjNjS.  Calculated  : 

N  13.9;  C  59.8;  H  5.0;  S  10.6. 

Condensation  of  2,4-dinitrobenzenesulfenamlde  with  p-dimethylaminobenzaldehyde.  a)  Piepaiation  of  the 
labile  isomer  of  the  2.4-dinltrophenylthioxime  of  p-dlmethylaminobenzaldehyde.  A  mixture  of  1.2  g  of  2,4-dinitro- 
benzenesulfenamide  and  1.5  g  of  p-dimethylaminobenzaldehyde  was  dissolved  with  heating  in  50  ml  of  alcohol,  a 
'  small  amount  of  ammonium  chlcxide  was  added,  and  the  solution  was  boiled  for  10  minutes.  On  cooling  the  solution 
a  precipitate  separated  as  glistening  bright  red  needle  crystals.  Yield  1.4  g  (72. 5*^). 

The  product  is  recrystallized  from  25  volumes  of  alcohol.  M.p.  94-95®.  Readily  soluble  in  chloroform,  ethyl¬ 
ene  dichloride,  hot  alcc^ol  and  benzene,  difficultly  soluble  in  ether,  insoluble  in  water. 

0.1294  g  sub.:  18.5  ml  (23.5®,  738  mm).  0.1300  g  sub.;  18.5  ml  (23®.  746  mm).  0.1691  g  sub.;  0.3200  g 
Cq;  0.0682  g  H|0.  0.1053  g  sub.;  0.2008  g  Cq-,  0.0424  g  1^0.  0.0951  g  sub.:  0.0630  g  BaS04.  0.0983  g  sub.; 

0,0645  g  BaSQj.  Found  ^ ;  N  15,8,  15.96;  C  51.6,  51.8;  H  4.5,  4.5;  S  9.1,  9.0,  C15H14O4N43. Calculated  ;  N  16.2; 

C  52.02;  H  4.04;  S  9.2. 

b)  Preparation  of  the  stable  isomer  of  the  2,4-dinltrophenylthioxime  of  p-dimethylaminobenzaldehyde.  A  sol¬ 
ution  of  1.2  g  of  2,4-dinitrobenzenesulfenamide  and  1.5  g  of  p-dimethylamlnobenzaldehyde  In  50  ml  of  alcohol  was 
ft  boiled  with  a  small  amount  of  ammonium  chloride  for  4  hours,  with  poiodic  removal  of  the  separated  precipitate. 

‘  Yield  1.7  g  (88*^),  m.p,  184-185*.  Further  boiling  of  the  solution  fails  to  increase  the  yield.  The  product  is  purified 
by  recrystallization  from  40  volumes  of  chloroform.  Dark  red  amorphous  powder.  m.p.  189-190®.  Soluble  in  hot 
chloroform  and  ethylene  dichloride,  difficultly  soluble  in  alcohol  and  ether,  practically  insoluble  in  water. 

0.1217  g  sub.:  17,3  ml  (21®.  751  mm).  0.1008  g  sub,:  14  ml  1^  (20®.  758  mm).  0.1391  g  sub.:  0.2666  g 
cq;  0.0560  g  H,0.  0.1118  g  sub.:  0.2140  g  Cq*.  0.0439  g  1%0.  0.1420  g  sub.:  0.0972  g  BaSQ*.  0.1275  g  sub.: 

0.0891  g  BaSQj.  Found  ^  :  N  16.1,  15.9;  C  52.4,  52.1;  H  4.5,  4.4;  S  9.3,  9.4.  Calculated  :  N  16.2; 

C  52.02;  H  4.04;  S  9.2. 

Condensation  of  p-nitrobenzenesulfenamide  with  acetone.  A  mixture  of  1  g  of  p-nitrobenzenesulfenamide  and 
5  ml  of  acetone  was  boiled  with  20  ml  of  alcohol  and  a  small  amount  of  ammonium  chlcxide  for  3  hours.  On  cool¬ 
ing  there  was  obtained  0.9  g  (75^  of  orai^e  precipitate,  m.p.  145-151®. 

After  recrystallization  from  alcdiol  the  crxidensation  product  is  obtained  as  glistening  yellow  prisms  with 
m.p.  174-175®.  Soluble  in  hot  alccAol,  acetone,  chloroform  and  ethylene  dichloride,  insoluble  in  water.  A  short 
boiling  period  gives  the  same  product. 

0.0742  g  sub.;  8.2  ml  (16®,  767.5  mm).  0.1106  g  sub.;  11.6  mll'^  (17®.  765,5  mm).  0.1378  g  sub.:  0.2644  g 
Cq;  0.0634  g  H,0.  0.1227  g  sub.;  0.2327  g  CC^;  0.0552  g  HjO.  Found‘d:  N  13.1,  12.6;  C  51.8,  51.7;  H  5.15,  5.0. 
C,H„qi^S.  Calculated  I0 ;  N  13.3;  C  51.4;  H  4.9. 

Condensation  of  2,4-dinitrobenzenesulfenamide  with  acetone.  (Preparation  of  the  2,4-dinitrophenylthioxime 
of  acetone).  A  mixture  of  1  g  of  2,4-dinitrobenzenesulfenamide  and  5  ml  of  acetone  was  boiled  with  20  ml  of 
alcohol  and  a  small  amount  of  ammonium  chloride  for  1  hour.  On  cooling  a  yellow  flocculent  precipitate  separated 
from  solution,  yield  0.8  g  (83,5*^),  m.p.  132®  (decomp.). .  Slender  yellow  needles.  After  recrystallization  from  al¬ 
cohol  the  product  melts  with  decomposition  at  135®.  Soluble  in  hot  alcohol,  chloroform,  ethylene  dlchloride  and 
acetcme.  insoluble  in  water. 

0.1192  g  sub,:  17  ml  1%  (18®.  760  mm).  0.1332  g  sub.:  19.3  ml  1^  (18®.  759.5  mm).  0.1372  g  sub.;  0.2214  g 
cq;  0,0464  g  H,0.  0.0719  g  sub,;  0.1134  g  Cq;  0.0272  g  H,0,  Found  :  N  16.64,  16.8;  C  42,6,  42.8;  H  3.5,  4.2. 
C^O^l^S,  Calculated  ^ :  N  16,5;  C  42.3;  H  3.7. 

Condensation  of  p-nitrobenzenesulfenamide  with  acetoacetic  ester,  a)  Preparation  of  the  labile  isomer  of 
the  p-nitrophenylthioxime  of  acetoacetic  ester.  A  mixture  of  1  g  of  p-nitrobenzenesulfenamide  and  1  ml  of  aceto¬ 
acetic  ester  was  boiled  with  30  ml  of  alcohol  and  a  small  amount  of  ammonium  chloride  for  1.5  hours.  On  cool- 
ii^  a  cream -colored  crystalline  precipiute  separates  from  solution,  yield  0.3  g  (18^),  m.p.  100-102®.  After  re- 
crystallization  from  20  volumes  of  alcohol,  m.p.  105.5-106®.  Soluble  in  hot  alcohol,  chlorotom  and  ethylene 
dichloride,  insoluble  in  water. 

0.1190  g  sub.;  0.2240  g  Cq;  0.0532  g  H,0.  0.0949  g  sub.;  0.1766  g  Cq-,  0.0446  g  H,0,  0.1084  g  sub.; 

0.0876  g  BaSq.  0.1236  g  sub.:  0.1001  g  BaSq.  Found  :  C  51.3,  50.8;  H  4.9,  5.3;  S  11.0,  11.1.  CuHi404qS. 
Calculated  ;  C  51.06;  H4.9;  S  11.34. 
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b)  Preparation  of  the  stable  isomer  offlif  p-nitiophenylthioxime  of  acetoacetic  ester.  A  solution  of  1  g  of  p- 
nltrobenzenesulfenamide  and  1  ml  of  acetoacetic  ester  in  30  ml  of  alcohol  with  ammonium  chlodde  was  boiled  for 
4  hours.  On  cooling  and  prolcHiged  standing  a  yellow  flocculent  precipitate  separates,  yield  1.2  g  (73^),  m.p. 
137-139*.  Recrystallization  from  10  volumes  of  alcohol  gives  tiny  bright  yellow  fluffy  needles  with  m.p.  146-147". 
The  product  is  readily  soluble  in  chloroform,  hot  alcohol  and  ethylene  dichloride,  insoluble  in  water. 

0.1242  g  sub.:  10.6  ml  (20*.  758  mm).  0.1054  g  sub.:  9.1  ml  (22*.  764  mm).  0.1131  g  sub.:  0.2115 
g  CO^;  0,0509  g  1%0.  0.0984  g  sub.:  0.1850  g  CO^;  0.0443  g  H,0,  0.0854  g  sub.:  0.0723  g  BaSQi,  0.0959  g 
sub.:  0,0825  g  BaSQi.  Found‘d:  N  9.8,  9.9;  C  51.03,  51.3;  H  5.0,  5.0;  S  11.6,  11.8.  Ci2Hi404N,S.  Calculated 
N  9.9;  C  51.06;  H  4.9;  S  11.34. 

Condensation  of  2,4-dinitrobenzenesulfenamide  with  acetoacetic  ester,  a)  Preparation  of  the  labile  isomer 
of  the  2,4-dinitrophenylthioxime  of  acetoacetic  ester.  A  solution  of  1  g  of  2,4-dinitrobeneenesulfenamide  and  1  ml 
of  acetoacetic  ester  in  40  ml  of  alcohol  with  ammonium  chloride  was  boiled  for  2  hours.  After  standing  for  a  day  a 
glistening  orange  precipitate  separates  from  the  cold  solution  in  the  form  of  long  slender  needles.  Yield  1.1  g.  Dilu¬ 
tion  of  the  filtrate  with  water  gives  another  0.2  g  of  substance.  Total  yield  of  product  86^.  At  130*  the  substance 
turns  yellow  and  then  melts  at  166-168*.  The  substance  is  recrystallized  from  20  volumes  of  alcohol.  It  is  soluble 
in  chloroffflm  and  ethylene  dichloride,  difflcultiy  soluble  in  methyl  alcohol  and  ether. 

0.0  982  g  sub.:  11.2  ml  1^  (20*.  762.5  mm).  0.1217  g  sub.:  14.1  ml  (20*,  762  mm).  0.0845  g  sub.:  0.1410 
gCO^;  0.0357  gHjO.  0.1061  g  sub.:  0.1715  g  COi;  0,0432  g  H,0.  0.1336  g  sub.:  0.0979  g  BaSQi.  0.1115  g  sub.: 
0.0818  g  BaSQ*.  Found  *?!>:  N  13.2,  13.4;  C  44.4,  44.4;  H  4.6,  4.5;  S  9.99.  10.0.  C^HijOjl^S.  Calculated*^: 
N  12.8;  C44.0  H4.0;  S  9.8. 

b)  Preparation  of  the  stable  isomer  of  the  2,4-dinitrophenylthioxime  of  acetoacetic  ester.  A  solution  of  1  g 
of  2,4-dinitrobenzenesulfenamide  and  1  ml  of  acetoacetic  ester  in  40  ml  of  alcohol  with  ammonium  c'nloride  was 
boiled  for  4  hours.  On  coollng,a  bright  yellow  finely  crystalline  precipiute  was  obtained,  m.p.  167-168*.  Yield 
1.3  g  (86*^).  Recrystallization  from  20  volumes  of  alcohol  gives  the  product  as  yellow  glistening  pyramid  crystals. 
Soluble  in  hot  alcohol,  chloroform  and  ethylene  dichloride,  difficultly  soluble  in  ether. 

0.1094  g  sub.:  12.4  ml  (18*.  762  mm).  0.0971  g  sub.:  11.1  ml  1^  (20*,  762  mm).  0.1082  g  sub.:  0.1744 
gCO^;  0.0420  gHjO,  0.0845  g  sub.:  0.1410  g  COt;  0.0327  g  HjO.  0.1090  g  sub.:  0.0809  g  BaSQj.  0.1211  g  sub.: 
0.0866  g  BaSQ*.  Found  %:  N  13.1,  13.2;  C  43.9,  44.5;  H 4.4;  4.4;  S  10.1,9.8.  CuHisOjNsS.  Calculated*^: 
N12.8;  C44.0;  H  4.0;  S  9.8. 

Condensation  of  p- nitrobenzene  sulfenamidd  with  acetophenone.  (Preparation  of  the  p-nitrophenylthioxime 
of  acetophenone).  A  mixture  of  1  g  of  p -nitrobenzene  sulfenamide  and  2  ml  of  acetophenone  was  dissolved  in  30  ml 
of  alcohol,  the  addition  of  ammonium  chloride  was  made  and  the  mixture  was  boiled  for  4  hours.  At  first,  after 
partial  cooling,  there  separates  0,2  g  of  finely  crystalline  brick -ted  precipitate  from  the  warm  solution,  m.p.  174- 
175.5®.  This  precipitate  is  p,p' -dinitrodiphenyl  dlsulfi.de. 

On  complete  cooling  of  the  filtrate  there  separates  0.55  g  (34^)  of  yellow  flocculent  thioxime,  m.p.  137-140*-. 
The  product  is  purified  by  recfystalUzation  from  75  volumes  of  alcohol  or  20  volumes  of  ethylene  dlchltnide.  The 
p-nittophenyl  thioxime  of  acetophenone  is  a  yellow  voluminous  substance  appearing  as  tiny  slender  needles,  m.p. 
151-152*.  Soluble  in  chloroform,  ethylene  dichlotide  and  hot  alcohol,  insoluble  in  water. 

0.0974  g  sub.:  8.6  ml  1%  (19.5*.  772  mm).  0.0893  g  sub.:  7.9  ml  (20*.  763  mm).  4.250  mg  sub.:  9.540 
ng  CO2;  1.720  mg  H2O.  0.1070  g  sub,:  0,0918  g  BaS04.  0.1285  g  sub.:  0.1051  g  BaSO^.  Found  %  N  10.33,  10,2; 

C  61.26;  H  4.52;  S  11,7,  11.6.  C14H12O2N2S.  Calculated  %:  N  10.3;  C  61.75;  H  4,4;  S  11.75. 

Condensation  of  2,4  -dinitrobenzenesulfenamide  with  acetophenone.  (Preparation  of  the  2,4-dinittophenylthi- 
oxime  of  acetophenone).  A  mixture  of  1  g  of  2,4 -dinitrobenzenesulfenamide  and  2  ml  of  acetophenone  was  dis¬ 
solved  in  30  ml  of  alcohol,  a  small  amount  of  ammonium  chloride  was  added,  and  the  mixture  was  bailed  for  5 
hours.  The  precipitate  obtained  in  the  reaction  was  periodically  removed  by  filtraticm.  Yield  0.4  g  (27*^,  m.p. 
179-180*.  Glistening  greenish-brown  fine  crystals.  Difficultly  soluble  in  hot  alc(^ol,  more  readily  soluble  in  chloro¬ 
form  and  ethylene  dlchloride. 

0.1166  g  sub.:  13.0  ml  (19*,  767.5  mm).  0.1058  g  sub.-.  12.3  ml  (19®,  765  mm).  0.1316  g  sub.:  0.2539 
g  Cqn  0.0486  g  1%0.  0.1135  g  sub,:  0.2191  g  CC\;  0.0386  g  F^O.  Found  .  N  13.0,  13.5;  C  52.6,  52.7;  H  3.9, 
3.8.  q4Hu04N^S.  Calculated  ^  :  !>}  13.2;  C  63.0;  H  3.5. 

SUMMARY 

1.  The  previously  unknown  2,4-dinitrobenzenesulfenamide  was  obtained  and  characterized. 


365 


2.  In  the  process  of  studying  the  condensation  of  sulfenamides  with  carbonyl  compounds  a  number  of  new  com¬ 
pounds,  the  thioximes,  were  obtained, 

3.  The  geometric  isomerism  of  the  thioximes  of  unsymmetrical  carbonyl  compounds  was  revealed  for  the 
first  time.  The  geometric  isomers  of  the  p-nitrophenylthioximes  and  2,4-dinitrophenylthioximes  of  p-dimethyl- 
aminobenzaldehyde  and  acetoacetic  ester  were  obtained.  The  conditions  were  studied  for  the  formation  of  the 
geometric  isomers,  their  properties,  and  also  the  conditions  for  the  transformation  of  the  labile  Isomers  into  the 
stable  forms. 
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ADDITION  OF  IODINE  CHLORIDE  TO  ASYMMETRICAL 


DIPHENYLETHYLENE  HYDROCARBONS 


M.  A.  Khaimova 


Study  of  the  reaction  of  iodine  chloride  with  1,1 -diphenyIpropene-1  [1]  demonstrated  that  it  gives  1,1-diphenyI- 
2-chloropropene-l,  in  all  probability  as  the  resoilt  of  prior  formation  of  l-iodo-1,1 -diphenyl -2 -propene,  cleavii^  at 
the  moment  of  hydrogen  iodide  reaction.  This  reaction  differs,  by  its  reverse  order  of  addition  (contrary  to  Markov - 
nikov's  rule),  from  the  reaction  of  iodine  chloride  and  1,1-diphenylethylene,  studied  by  the  same  authas. 

In  this  connection  it  appeared  to  us  to  be  of  interest  to  study  the  reaction  of  chloriodide  with  1,1-di-p-tolyl- 
propene-1  (I),  and  to  determine  whether  the  two  methyl  groups  in  the  para -position  are  capable  of  compensating  for 
the  opposing  influence  of  the  methyl  group  adjoining  the  double  bond,  and  whether  this  might  go  so  far  as  to  reverse 
the  order  of  addition.  The  effect  of  these  two  methyl  groups  should  be  felt  through  the  phenyl  ring  (Nathan -Backer 
effect)  [2]. 

The  initial  hydrocarbon,  not  described  in  the  literature,  was  obtained  by  dehydraticm  of  di-p-tolyl-ethylcar- 
binol  by  the  Allen  and  Converse  method  [3].  Preliminary  experiments  showed  the  reaction  mixture  to  contain  the 
initial  di-p-tolyl  ketone,  from  which  it  proved  impossible  to  obtain  the  hydrocarbon  by  distil  ation;  the  di-p-tolylpro- 
pene  was  therefore  further  purified  by  chromatographic  filtration  through  a  layer  of  active  aluminum  oxide. 

The  reaction  proceeded  by  reaction  of  at  least  two  moles  of  iodine  chloride  with  one  of  hydrocarbon,  accom¬ 
panied  by  separation  of  crystalline  iodine  and  hydrogen  chloride.  Distillation  of  the  reactioi  mixture  gave  a 
yellow  cdl  containing  the  halogen.  Qualitative  analysis  of  the  product  after  mineralization  by  the  Carius  method 
showed  the  halogen  to  be  chlorine;  no  iodine  was  revealed  either  by  macroanalytical  ot  microcrystallx>graphic  re- 
acticMi. 

Part  of  the  reaction  mixture  obtained  was  purified  by  selective  adsoiption  in  a  column  with  active  aluminum 
oxide.  Separation  and  isolation  of  the  reaction  mixture  components  was  performed  by  flushing  the  adsorption  column 
with  equal  quantitites  of  solvent  of  increasing  levels  of  polarity,  and  condensing  the  solvent  of  each  fractiMi  separ¬ 
ately.  The  result  of  chromatographic  analysis  gave  2  maxima.  The  resinous  substance  which  gave  the  second  maxi¬ 
mum  was  not  subjected  to  further  study.  The  substance  which  gave  the  first  maximum  was  selectively  adsorbed 
twice  more  for  higher  purification,  and  distilled  in  vacuum  at  0,5  mm.  The  results  of  qualitative  Carius  analysis 
of  the  main  fraction  for  presence  of  halogen  corresponded  to  the  formula  for  monochloroditolylpropene.  The  pro¬ 
duct  subjected  to  analysis  was  a  yellow  oil,  crysullizing  upon  long  standing. 

A  portion  of  the  reaction  mixture,  vacuum  distilled,  was  used  to  determine  the  structure  of  the  halogen  de¬ 
rivative.  The  refractive  index  of  this  product,  determined  at  two  different  temperatures,  equalled  that  of  the  sub¬ 
stance  subjected  to  analysis.  In  the  ozonization  products  of  the  substance  we  found  di-p-tolyl  ketone,  a  small  quanti¬ 
ty  of  methyl -p-tolyl  ketone  and  p-tolylic  acid. 

As  the  presence  of  two  isomeis  may  result  from  the  presence  of  isomers  in  the  initial  hydrocarbon,  the  latter 
was  subjected  to  oxidation  by  equivalent  quantities  of  chromium  trioxide  in  a  sulfuric  acid  medium.  D1 -p-tolyl 
ketone  and  acetic  acid  were  found  in  the  oxidation  products. 

The  experiments  performed  made  it  possible  to  establish  that  1,1-di-p-tolylpropene-l  reacts  with  iodine 
chloride  to  form  1,1 -di -p-tolyl -2 -chloropropene  as  the  main  product,  and,  with  it,  1, 2 -p-tolyl-l-chloro -propene -1 
in  considerably  smaller  quantities. 

The  production  of  1,1 -di -p-tolyl -2 -chloropropene -1  (II),  is  most  probably  to  be  explained  in  terms  of  the 
addition  of  iodine  chloride  to  the  initial  hydrocarbon,  contrary  to  Markovnikov’s  rule,  with  subsequent  cleavage 
of  hydrogen  iodide  as  sliown  at  the  top  of  the  next  page. 

1, 2 -Dl-p-tolyl-1 -chloropropene -1  was  obtained  as  a  result  of  molecular  regrouping.  It  is  of  interest  to  clarify 
the  chemistry  of  this  regrouping  and,  in  particular,  to  determine  whe^er  it  occurs  at  the  time  of  the  reaction  ot 
at  the  suge  of  separation  of  the  product  from  the  reaction  mixture. 
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The  present  study  was  undertaken  at  the  suggestion  of  T,  I.  Temnikova,  to  whom  I  express  my  gratitude. 


EXPERIMENTAL 

$ynrh<»fU  of  1,1 -di-p-toly^ropene-1.  Di-p-tolyl  ketaie  was  obtained  from  90  g  anhydrous  aluminum  chloride, 
280  ml  dry  tetrachlaomethane  and  142  ml  toluene  [5],  with  a  23^  yield  of  the  pure  product,  m.p.  94-95*.  Di-p- 
tolylethylcarbinol  was  obtained  by  the  method  of  these  same  authors  from  12  g  magnesium  in  20  ml  dry  ether,  71.5 
g  ethyl  bromide  in  100  ml  anhydrous  ether,  and  54  g  di-p-tolyl -ketone.  Dehydration  of  the  raw  carbinol  was  effect¬ 
ed  by  20^  sulfuric  acid  with  heating  of  the  mixture  to  boiling  for  1.5  hours.  The  mixture  was  subjected  to  ether 
extraction.  Upon  distillation  of  the  ether  the  oil  crystallized  as  it  cooled.  The  yield  of  pure  hydrocarbon  was  43^ 
of  the  theocetical,  in  terms  of  ketone  used.  Colorless  crystalline  substance,  B.  p.  199-200*/ 24  mm,  168-169*/ 

9mm.  m.p.  37-38*,  n^  1.5790.  Soluble  in  all  organic  solvents. 

0,03480  g  sub.:  0.11692  g  CO^;  0.02521  g  H,0.  0.03423  g  sub.:  0.11502  g  CC^;  0.02433  g  HjO.  Found ‘1^': 
C  91.69,  91.70;  H  7.92,  7.95.  Calculated  C  91.84;  H  8.16. 

40  g  hydrocarbon  was  filtered  through  80  g  aluminum  oxide,  %ockman  activity  1,  prepared  according  to 
[6],  smd  filtered  through  a  screen  of  246  me|h  per  sq.  cm.  The  column  was  filled  by  the  wet  process.  The  adsorbed 
matter  was  washed  out  with  80  ml  petroleum  ether.  The  rate  of  filtration  was  1  drop  per  second. 

Oxidation  of  1.1-di-p-tolylpropene-l.  1,5  g  hydrocarbon.  0,90  g  chromium  oxide  and  12  ml  80*^  sulfuric 
acid  were  mixed  together.  The  reaction  mixture  was  heated  to  50*  with  constant  stirring  for  5  hours.  The  mixture 
was  carefully  diluted  with  water  to  15^  of  the  amount  of  sulfuric  acid  and  was  subjected  to  ether  extractitMi.  The 
aqueous  solution  was  brought  to  alkaline  reacticxi  and  evaporated  to  dryness.  The  substance  gave  a  positive 
cacodyl  reaction.  The  ether  extract  was  treated  with  10K>  caustic  s<:>da..  The  alkaline  solution  was  concentrated 
and  acidified  with  sulfuric  acid.  The  remaining  ether  solution  was  dried,  the  ether  driven  off,  and  the  oily  residue 
crystallized.  A  portion  of  the  crystalline  mass  was  filtered  off  with  suction  on  a  porous  plate  and  recrystallized 
from  alcohol.  M.p.  93-94*.  A  sample  mixed  with  pure  di-p-tolyl  ketone,  m.p.  94-95*.  melted  at  94-95*. 

The  crystalline  mass  was  put  thrcxigh  distillation  with  water  vapor  to  determine  whether  it  contained  methyl - 
p-tolyl  ketone.  The  first  few  milliliters  of  distillate  were  treated  with  an  acetic  acid  solution  of  semicarbazdde; 
carbazone  did  not  appear  out  of  the  solution  even  after  loag  standing. 

The  remaining  portion  of  the  aqueois  distillate  was  extracted  with  ether.  After  ether  extraction  a  saturated 
solution  of  0.4  g  hydroxylamine  chloride  and  0.8  g  sodium  hydroxide  was  added  to  the  residue,  which  was  processed 
acccxding  to  [7].  Upon  recrystallizatlcxi  from  alcohol,  the  product  melted  at  159*.  A  sample  mixed  with  known 
di-p-tolyl  ketoxime,  m.p.  162-162.5*,  melted  at  160*. 

Synthesis  of  monochloroditolylpropene.  24.11  g  hydrocarbrm  purified  by  selective  adsorption,  n^  1.5838, 
was  dissolved  in  50  ml  dry  chloroform.  Iodine  chloride  was  obtained  by  passli^  a  current  of  dry  chlorine  over  145  g 
crystalline  iodine  and  distiUing  the  reaction  mixture  [4].  At  room  temperature  and  with  constant  stirring,  55.84  g 
iodine  chloride,  b.p.  101-104*,  dissolved  in  50  ml  dry  chloroform,  was  added  to  the  hydrocarbon.  The  reaction 
was  accompanied  by  evolution  of  heat  in  the  reaction  mixture,  and  liberation  of  hydrogen  chlexide  and  crystalline 
iodine.  After  standing  for  3  days,  the  reaction  mixture  was  washed  with  a  20*^  solution  of  sodium  hypoeulfite  to 
decoloration,  dried,  and  the  solvent  driven  off  in  vacuum.  The  raw  product  consisted  of  a  heavy  dark  oil. 

10  g  reaction  mixture  was  put  through  threefold  selective  adsorption  by  aluminum  oxide.  The  adsorbed 
substance  was  washed  out  successively  with  petroleum  ether,  a  1: 1  petroleum  ether  and  benzene  mixture,  benzene, 
and  chloroform.  The  four  fractlcxis  1.5936,  1.5935,  1.5935  and  1.5934,  respectively,  were  further  purified 
by  distillation  in  vacuum.  Yellow  dl,  B.p.  133-135*/ 0.5  mm,  n*  1.5938;  1.5822,  . 

0.18787  g  sub.:  0.10335  g  AgCl.  0.18363  g  sub.;  0.10100  g  AgCl.  Found‘d:  Cl  13.61,  13.61. 
q^H^Cl.  Calculated  :  Cl  13.81. 
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The  substance  underwent  partial  crystallization  in  the  course  of  two  months.  Filtered  by  suction  through  a 
porous  plate,  It  melted  at  43.5  -44*. 

Ozonization  of  monochlorodltolylpropene,  0.98  g  of  the  substance  obtained  by  dlstiUii^  a  portion  of  the 
reaction  mixture  was  subjected  to  ozonizati(».  B.p.  140 -142*/ 0.5  mm,  ii^  1.5838,  n*  1.5823.  After 
standing  for  a  long  time,  this  substance  underwent  partial  crystallization;  suction  filtered  through  a  porous  plate, 
it  melted  at  43*.  A  sample  mixture  with  the  crystalline  product,  m.p.  43.5-44*,  isolated  from  the  substance  analy¬ 
zed,  melted  at  43-44*.  Ozcxie  was  passed  through  a  solution  of  the  substance  in  chloroform  for  4  hours  with  cooling 
to  —15*.  After  the  solvent  had  been  driven  off,  the  ozonide  was  decomposed  by  water  in  presence  of  0.4  g  calcium 
carbtmate  with  heating  on  a  water  bath  for  4  hours. 

Neutral  products  were  driven  off  after  alkalization  of  the  solution  with  water  vapor.  The  oil  remaining  after 
distillation  of  the  ether,  crystallized.  After  fourfold  crystallization  from  alcohol,  the  substance  weighed  0.1  g  and 
melted  at  94*.  A  sample  mixed  with  pure  di-p-tolyl  ketone,  m.p.  94-95*,  also  melted  at  94-95*.  Semicarbazide 
in  acetic  acid  solution  was  added  to  the  alcoholic  filtrate.  /An  insignificam  amount  of  precipitate  came  down, 
which  melted  at  200*  after  crystallization  from  alcohol.  A  sample  mixture  with  known  methyl -p-tolyl  semicarba- 
zone,  m.p.  202. 5 -203. 5* [8]  melted  at  201-202*.  After  the  neutral  products  had  been  driven  off,  the  alkaline  solu¬ 
tion  was  acidified  until  a  strongly  acid  reaction  was  obtained,  A  small  .amount  of  precipitate  was  obtained  which 
melted  at  179*.  In  mixture  with  p-tolylic  acid  prepared  according  to  [9],  (m.p,  180*).  it  melted  at  179*. 

After  the  precipitate  was  separated  out,  the  acid  solution  was  brought  to  highly  alkaUne  reaction  and  concen¬ 
trated  by  evaporatian;  this  brought  down  a  precipitate  which  was  dissolved  in  water,  slightly  alkalized  by  ammonia 
and  was  then  precipitated  at  70*  by  a  calcium  chloride  solution.  The  preciidtate  was  filtered,  washed  with  water 
and  dissolved  in  2N  sulfuric  acid.  The  action  of  the  solution  in  reducing  potassium  permanganate  demonstrated  the 
presence  of  oxalic  acid. 

To  demonstrate  the  presence  of  acetic  acid  in  the  form  of  its  ester  with  p-bromobenzoylcarbinol,  1  g  p-bromo- 
phenacyl  bromide  was  added  to  the  acid  filtrate  [10,  11].  However,  the  reaction  mixture  became  resinous,  and 
attempts  to  separate  the  specific  reaction  product  by  means  of  benzene  extraction  and  distillation  of  the  benzene 
solution  with  water  vapor  did  not  prove  successful, 

SUMMARY 

1. ’  1,1-Di-p-tolylpropene-l  was  synthesized  for  the  first  time, 

2.  It  was  determined  that  reaction  of  1.1-di-p-tolylpropene-l  with  iodine  chloride  results  in  1,1 -di-p-tolyl - 
2 -chloropropeue-l  as  the  main  product,  with  small  quantities  of  1,2 -di -p-tolyl -1-chloro-propene-l.  The  second 
product  is  the  result  of  molecular  rearrangement. 

3.  The  presence  of  methyl  groups  in  the  para  position  of  the  phenyl  nuclei  of  1,1-dlphenylpropene-l  does  not 
affect  the  picture  of  iodine  chloride  addition  to  this  asymmetrical  diary lethylene  hydrocarbon. 
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THE  SYNTHESIS  OF  SECONDARY  6 -QUINOLYLC ARBINOLS 


V.  P.  Lugovkin 

Continuing  the  study  of  the  chemical  properties  of  6 -quinolylaldehyde  [1],  we  performed  the  Grignard  react¬ 
ion  with  its  alkyl  and  aryl  halide  derivatives,  obtaining  secondary  6-quinolylcarblnols  (1) 

CHOH  -  R 

N 

(I) 

The  iltuature  contains  a  reference  to  Grignard  synthesis  of  secondary  8 -qulnolylcarblnols  [2],  8-Quinolyl- 
methyl-,  ethyl-  and  phenyl-  carbinols  were  obtained  (with  yield  to  60*^^  in  the  latter  case;  not  indicated  in  the 
two  former);  oxidation  of  the  carbinols  with  chromium  trioxlde  and  potassium  bichromate  synthesized  the  homolo¬ 
gous '8 -quinolyl  ketcHies  (yields  not  indicated). 

We  synthesized  6-quinoIylmethylcaxbinol  by  reacting  6 -quinolylaldehyde  with  methylmagnesium  iodide. 
Heating  the  car  blnol  with  i  odomethane  and  bromoethane  gave  the  homologous  alkyl  halides.  Oxidation  of 
carbinol  with  chromium  trioxlde  in  glacial  acetic  acid  solution  yielded  6-quinolylmethyl  ketone. 

Reaction  of  6 -quinolylaldehyde  with  ethylmagnesium  iodide  synthesized  6-quinolylethylcarbinol  as  an  oily 
liquid.  8-QuinoIylethylcatbinoI,  synthesized  previously  [2],  is  also  an  oily  liquid.  The  carbino\  was  identified  in 
the  form  of  its  picrate  and  alkyl  halides.  Oxidation  of  carbinol  by  chromium  trioxide  in  glacial  acetic  acid  solu¬ 
tion  yielded  6 -c|iinolyl  ethyl  ketone.  Unlike  8 -quinolylethyl  ketone,  an  oily  liquid  [8],  6 -quinolylethyl  ketone 

came  down  as  colorless  crystals,  m.p.  76-77*. 

Reaction  of  6 -quinolylaldehyde  with  phenylmagnesium  bromide  synthesized  6 -quinolylphenylcarldnol.  Heat¬ 
ing  of  carbinol  with  iodomethane  and  bromoethane  gave  the  homologous  alkyl  halides.  Oxidation  of  carbinol 
with  chromium  trioxlde  produced  6 -quinolylphenyl  ketone.  Reactirui  of  6 -quinolylaldehyde  with  a-naphthyl- 
magnesium  bromide  gave  6 -quinolyl -a-naphthylcarhlnol.  Long  heating  of  carbinol  with  iodomethane  gave  its 
lodomelhylate;  the  bromoethylate  could  not  be  obtained  even  after  long  heating  of  carbinol  with  bromoethane. 

EXPERIMENTAL 

Synthesis  of  6-quinolylmethylcarbinol.  12.7  g  aldehyde  (anhydrous  6 -quinolylaldehyde,  m.p,  75-76*, 
was  used  in  all  experiments)  in  200  ml  dry  ether  was  added  in  30  minutes,  drop  by  drop,  with  water  cooling,  to 
an  ether  solution  of  methylmagnesium  iodide  (3.2  g  metallic  magnesium  filings*  50  ml  dry  ether,  17.6  g  — 

1,55  mole  —  iodomethane,  the  reaction  was  maintained  for  an  hour  with  heating  on  a  water  bath.  50  ml  water 
and  dilute  (1 : 1)  hydrochloric  acid  were  added  at  cooUng  until  acid  reaction.  The  ether  solution  was  separated 
out  and  washed  with  water,  which  was  added  to  the  acid  solution;  distillation  of  the  ether  left  an  insignificant 
residue.  The  acid  solution  was  washed  with  ether  and  then  neutralized  with  16^  ammonia  to  alkaline  reaction 
upon  cooling.  After  saltli^  out  with  table  salt,  exhaustive  extraction  with  ether  was  performed;  after  drying  with 
sodium  sulfate,  the  ether  was  driven  off.  :  The  residue  was  a  thick  oily  liquid  that  crystallized  upon  standing. 

7.3  g  (52^)  6-quinolylmethylcarbinol,  m.p.  64-65*,  was  obtained;  upon  rectystallizati(m  from  alcdtol  (upon 
evaporation  of  the  latter)  with  activated  charcoal,  the  m.p.  was  69-71*.  The  carbinol  dissolved  readily  in  the 
ordinary. organic  solvents,  but  to  an  lnslgnifi.cant  degree  in  light  gasoline. 

0.1816  g  sub.:  11.22  ml  NaOH  (  T  0.003634).**  Found  N  7.86.  CjiHuON.  CalcuUted  ;  N  8.09. 

The  picrate.  obtained  in  alci^ol  solution  and  recrystallized  from  glacial  acetic  acid,  cizuisted  of  light 
*  In  all  experiments,  activated  with  iodine  crystals. 

**The  nitrogen  content  was  determined  by  the  Kjeldahl  method;  NaOH  hqd  the  same  titer  in  every  analysis. 
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yellow  crystals,  m.p,  176-177*. 

Effect  of  alkyl  halides  upon  6-quinolylmethylcarbinol. 

a)  0,54  g  carbinoi  and  0,8  g  iodomethane  were  heated  for  30  minutes  on  a  boiling  water  bath.  Recrystalliza>- 
tion  from  1.5  ml  ethyl  alcohol  gave  0,71  g  (72.4“^)  6-quinolylmethylcarbinol  iodomethylate,  light  yellow  crystals, 
m.p.  176-177*.  The  substance  dissolved  in  water  and  alcohol  but  not  in  dry  ether. 

0,1224  g  sub.:  0.0910  g  AgJ  Found  *70  :  140.19.  C11H14ONI  Calculated  *70  :  I  40.28. 

b)  0.1  g  carbinoi  and  0.3  g  bromoethane  were  heated  in  a  sealed  tube  for  2  hours  at  90-95*.  After  evapora¬ 
tion  of  the  bromoethane  the  residue  was  dissolved  in  a  small  quantity  of  alcohol;  the  bromoethylate  crystallized 
upon  evaporation  of  the  alcohol  (in  a  desiccator  over  paraffin  and  calcium  chloride).  After  washing  in  dry  ether 
the  crystals  had  an  m.p,  of  143*  (with  softening),  and  weighed  0.12  g  (63,1*7»);  they  dissolved  in  water  and  alcohol, 
but  not  in  dry  ether, 

0.0656  g  sub.;  0.0440  g  AgBr,  Found  *70  :  Br  28.54;  ^jH^sONBr,  Calculated ‘T’ :  Br  28,33 

Oxidation  of  6-quinolyll.icthyicarbi;iol.  ?,.l  -^hro  .iiii  li  triO’ ii’e  '(McJ,  ii't-cljyliit  i,.  in  30  mi'iuies,  to  4,1  g 
carbinoi,  dissolved  in  20  ml  glacial  acetic  acid,  with  heating  on  a  boiling  water  bathr  heating  continued  another 
30  minutes.  The  reaction  mixture  was  poured  into  150  ml  water  and  neutralized  with  solid  sodium  carbonate;  the 
reaction  product  was  extracted  with  ether.  Drying  with  sodium  sulfate  and  dnving  off  of  the  ether  left  a  thick  liquid 
that  crystallized  upon  standing.  1.6  g  6 -quinolylmethyl  ketone  was  isolated  (39,5*70);  after  recrystallization  from 
alcohol  with  activated  charcoal  it  appeared  as  colorless  crystals,  m.p,  75-76*.  The  ketone  dissolved  readily  in  the 
usual  organic  solvents. 

0.1526  g  sub.;  10.02  ml  NaOH.  Found‘d;  N  8.35.  qiH,ON.  Calculated  *7> :  N  8.18. 

The  picrate  obtained  in  alcohol  solution  consisted  of  light  yellow  crystals,  m.p.  236*. 

Effect  of  iodomethane  upon  6 -quinolylmethyl  ketone.  0.35  g  ketone  and  0,6  g  iodomethane  were  heated 
ona  boiling  water  bath  for  30  minutes.  6 -quinolylmethyl  iodomethylate  was  obtained  in  yield  of  56,2‘7>upon  re¬ 
crystallization  from  alcohol  and  glacial  acetic  acid,  in  the  form  of  golden  yellow  crystals,  m.p,  225*.  The 
iodomethylate  dissolved  in  water  and  alcohol,  but  not  in  dry  ether. 

0.1002  g  sub,:  0.0746  gAgI  Found  *75 :  1  40.25.  Ci,Hi,ONl  Calculat-d  ^  :  1  40.54. 

Synthesis  of  6 -quinolylmethyl  phenylhydrazone.  0.2  g  ketone  and  0.15  g  phenylhydrazine  in  1  ml  ethyl  alcohol 
were  heated  for  30  minutes  on  a  boiling  water  bath.  Evaporation  of  the  alcohol  left  0.2  g  dark  yellow  crystals. 

Upon  recrystallization  from  benzene  and  a  few  drops  of  alcohol  the  phenylhydrazone  precipitated  as  orange  cry¬ 
stals,  m.p.  166*,  which  dissolved  freely  in  alcohol  but  slightly  in  benzene. 

0.0  850  g  sub.;  10.87  ml  NaOH.  Found ‘T’ :  N  16.27.  Ci^HigNj.  Calculated  *7o  :  N  15.96. 

Synthesis  of  6-quinolylethylcarbinol.  15.6  g  aldehyde  in  250  ml  dry  ether  was  added  in  45  minutes,  drop 
by  drop,  with  water  cooling,  to  an  ether  solution  of  ethylmagnesium  iodide  (3.7  g  metallic  magnesium,  50  ml 
dry  ether,  23.2  g  —1.5  mole  —  iodomethan^;  the  reaction  was  continued  for  an  hour  with  heating  on  a  water 
bath.  Appropriate  treatment  gave  6-quinolylethylcarbinol  as  14.2  g  of  a  thick  liquid;  the  weight  of  the  carbinoi 
was  12.1  g  (65.1‘7>)  in  terms  of  the  picrate  produced. 

0.85  g  picric  acid  in  3.5  ml  alcohol  was  added  to  0.56  g  carbinoi  dissolved  in  2.5  ml  ethyl  alcohol.  Upon 
heating  the  picrate  emerged  as  dark  yellow  crystals,  m.p,  151-152*  (1.06  g);  m.p.  upon  recrystallization  from 
alcohol  was  152*. 

0.3825  g  sub.:  39.60*ml  NaOH.  Found  *7>:  N  13.17.  q,HijON.-  Cj.FjOrN,  Cafculated ‘7o:  N  13.46. 

Effect  of  ■'‘.Ikyl  halides  on  6-quinolylethylcarbinol. 

a)  0.67  g  carbinoi  and  0.9  g  iodomethane  were  heated  for  30  minutes  over  a  boiling  water  bath.  Recry¬ 
stallization  from  alcohol  gave  1  g  (84, 7*7*)  yellow  6-quinolylethylcarbinol  iodomethylate  crystals,  m.p.  165-166*. 

They  dissolved  in  water  and  alcohol,  but  not  in  dry  ether. 

0.1078  g  sub.:  0.0772  g  Agl  Found  ;  1  38.71.  q,Hi,ON.I  Calculated  *7) :  1  38.81. 

b)  0.86  g  carbinoi  and  1  g  bromoethane  were  heated  for  1.5  hours  at  90-100®  in  a  sealed  tube.  Washing  with 
dry  ether  gave  0,85  g  (62.2'7>)  6-quinolylethylcarbinol  bromoethylate  as  light -colored  crystals,  m.p.  168*.  They 
dissolved  in  water  and  alcohol  but  not  in  dry  ether. 

0.2384  g  sub.;  0.1530  g  AgBr.  Found  ^  ;  Br  27.31.  q^H^ONBr.  Calculated  *7> ;  Br  26.99. 
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Oxidation  of  6-quinolylethylcarblnol.  4.2 'g  chromium  trioxide  was  a(ided,  bit  by  bit,  in  2  hours  with  heating 
on  a  boiling  water  bath,  to  7  g  carblnol  dissolved  in  2.5  ml  glacial  acetic  acid.  Processing  gave  3.0  g  6-quinoly- 
ethyl  ketone  (43.3^)  as  light  yellow  crystals,  m.p.  76*.  Recrystallization  from  a  small  amount  of  afcohol  with  long 
cooling  gave  colorless  crystals,  m.p.  76-77*.  The  ketone  dissolved  readily  in  the  common  organic  compounds. 

0.3236  g  sub.;  18.60  ml  NaOH.  Found  N  7,31.  q^H^ON.  Calculated*^;  N  7.56. 

The  picrate  obtained  in  alcohol  solution  and  recrystallized  from  a  mixture  of  alcohol  and  glacial  acetic  acid, 
consisted  of  light  yellow -green  crystals,  m.p.  209*. 

Effect  of  iodomethane  on  6-quinolylethyl  ketone.  0.5  g  ketone  and  1  g  iodomethane  were  heated  for  30  min¬ 
utes  over  a  boiling  water  bath.  Recrystallization  from  alcohol  gave  dark  yellow  crystals,  iodomethylate  of  6-quin¬ 
olylethyl  ketone,  (45.5*^  yield),  m.p.  204*;  soluble  in  water  and  alcohol,  but  not  in  dry  ether. 

0.1796  g  sub.;  0.1280  g  Ag  I  Found‘d;  138.52.  q^^ONI  Calculated  :  I  38.47. 

Synthesis  of  6-quinolylethyl  ifhmylhydrazone.  0.5  g  ketone  and  0.35  g  phenylhydrazine  were  heated  for  an 
hour  in  1.5  ml  alcohol  on  a  boiling  water  bath;  the  thick  liquid  remaining  upon  evaporation  of  the  alcohol  crystall¬ 
ized  upon  additicxi  of  a  few  drops  of  benzene.  Recrystallization  from  a  small  amount  of  alcohol  and  benzene  gave 
yellow  crystals  of  the  phenylhydrazone,  m.p.  134-135*. 

0.1168  g  sub.;  14.14  ml  NaOH.  Found  ;  N  15.40.  qt^jN,.  Calculated :  N  15.16. 

Synthesis  of  6-quinQlylphenylcarbinol.  15  g  aldehyde  in  230  ml  dry  ether  was  added  in  40  minutes,  by  drops, 
with  water  cooling,  to  an  ether  solution  of  phenylmagnesium  bromide  (2.5  g  metallic  magnesium,  50  ml  dry  ether, 

16  g  freshly -distilled  bromobenzene);  the  reaction  was  continued  for  an  hour,  with  heating  on  a  water  bath.  Subse¬ 
quent  processing  of  the  reaction  mixture  caused  an  oily  liquid  to  separate  out,  wlich  was  subjected  to  ether  and 
then  alcohol  extraction  after  removal  of  the  alkaline  solution;  the  alcohol  soluticm  was  heated  with  activated 
charcoal.  Driving  off  of  the  solvents  gave  11.8  g  6-quinolyphenylcatbinol  (53^),  with  m.p.  97-98*.  Recrystalliza¬ 
tion  from  a  small  quantity  of  alcohol  with  lengthy  cooling  produced  the  carblnol  in  the  form  of  colorless  crystals, 
m.p.  102-103*,  readily  soluble  in  the  usual  organic  solvents,  very  slightly  in  light  gasoline 

0.1850  gsub.;  8.32  ml  NaOH.  Found N  5.72.  q^q^ON.  Calculated*^;  N  5.95. 

The  picrate,  (Stained  in  alcoholic  solution  and  recrystallized  from  glacial  acetic  acid,  consisted  of  yellow 
crystals,  m.p.  177-178*. 

Effect  of  alkyl  halides  on  6-quinolylphenylcarbinol. 

a)  0.5  g  carblnol  and  0.6  g  iodomethane  were  heated  in  a  boiling  water  bath  for  an  hour,  Recrystallization 
from  glacial  acetic  acid  gave  0.72  g  (90^)  yellow  crystalline  6-quinolylphenylcarbinol  iodomethylate,  m.p.  146-147*. 
The  iodomethylate  dissolved  in  water  and  alcohol,  but  not  in  dry  ether. 

0.1220  gsub.:  0.0752  g  Agl.  Found  *?t:_  I  33.32.  q^q^ONl.  Calculated*^:  1  33.66. 

b)  0.55  g  carblnol  and  0.6  g  bromoethane  were  heated  for  2  hours  at  85-90*  in  a  sealed  tube.  Recrystalliza¬ 
tion  from  glacial  acetic  acid  gave  0.48  g  (60*^)  colcffless  6-quinolyphen^arbinol  bromoethylate  crystals,  m.p. 

204*,  They  dissolved  in  water  and  alcohol,  but  not  in  dry  ether. 

0.1400  gsub.:  0.0754  g  AgBr.  Found  *^ ;  Br  22.93.  q,Hi,ONBt.  Calculated  *^ ;  Br  23.22. 

Oxidation  of  6-quinolylphenvlcarbinol.  2  g  chromium  trloxide  was  added  in  30  minutes,  bit  by  bit,  with  heat¬ 
ing  on  a  boiling  water  bath,  to  5.2  g  carblnol  dissolved  in  20  ml  glacial  acetic  acid;  heating  at  115*  continued  for 
15  minutes.  Subsequent  processing  gave  2.4  g  (46.5*'|())  6-quinolylphenyl  ketone;  recrystallization  from  butyl  alcc^ol 
produced  the  ketone  as  colorless  crystals,  m.p.  63*.  It  dissolved  readily  in  the  usual  organic  solvents,  but  very 
slight!  y  in  gasoline. 

0.1362  gsub.;  6.18  ml  NaOH.  Found  :  N  5.77.  q^H^ON.  Calculated  *^  :  N  6,01. 

The  picrate,  obtained  in  alcoholic  solution  and  recrystalllzed  from  glacial  acetic  acid,  consisted  of  yellow 
crystals,  m.p.  219*. 

Effect  of  iodomethane  on  6-quinolylphenyl  ketone.  0.6  g  ketone  and  0.7  g  iodomethane  were  heated  for 
30  minutes  on  a  boiling  water  bath.  Recrystallization  from  glacial  acetic  acid  gave  light -brown  crystals,  iodometh¬ 
ylate  of  6-quinolylphenyl  ketone,  and  m.p.  2i4. -215*  (67.7*^).  They  dissolved  in  water  and  alcohol,  butaotindryethftr. 

0.1584  g  sub.:  0.1000  g  Agl  Found  :  I(S412.  q7q40Nl  Calculated  *%  ;  I  33.84. 

6-quinolyldiphenylhydrazone  consisted  of  yellow  crystals  with  m.p.  165-166*  (from  alcohol). 
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0,1036  g  sub.  :  10.29  ml  NaOH.  Found  :  N  12.64.  Cn^nNs.  Calculated  :  N  12.92. 

Synthesis  of  6-quinolyl-g  -naphthylcarbinol.  12.2  g  aldehyde  and  200  ml  dry  ether  vere  added  by  drops  in 
30  minutes,  with  water  coolii^.  to  an  ether  solution  of  a  -naphthylmagnesium  bromide  (1.9  g  metallic  magnesium, 

50  ml  dry  ether,  16,1  g  freshly -distilled  a  -bromonaphthalene)  [3];  the  reaction  was  continued  for  an  hour  with 
heating  on  a  water  bath.  Subsequent  processing  produced  a  bright  yellow  precipitate.  Alcohol  extraction  in  an 
extractor  gave  7.6  g  (34.3*^)  6-quinolyl-a  ■•naphthylcarbinol;  recrystallization  from  a  mixture  of  alcohol  and  glacial 
acetic  acid  produced  the  carbinol  as  colorless  crystals,  b.p.  212”.  They  were  slightly  soluble  in  alcohol,  but  soluble 
in  glacial  acetic  acid. 

0.1604  g  sub.:  5.58  ml  NaOH.  Found*^:  N  4.43.  q,Hi50N.  Calculated :  N  4.91. 

The  picrate  consisted  of  yellow  crystals,  m.p,  177”  (from  glacial  acetic  acid). 

Effect  of  alkyl  halides  on  6-quinolyl-g -naphthylcarbinol. 

a)  0.64  g  carbinol  and  0.62  g  iodomethane  were  heated  in  a  sealed  tube  for  6  hours  at  100-110*  (an  attempt 
to  heat  on  a  boiling  water  bath  yielded  the  initial  carbinol  after  two  hours).  Washing  with  glacial  acetic  acid  with 
heating  gave  0.9  g  (94,7^)  yellow  crystalline  6-quinolyl-a  -naphthylcarbinol  iodomethylate,  m.p,  240”.  It  dissolved 
in  water  with  heating,  and,  with  greater  difficulty,  in  alcohol  and  glacial  acetic  acid. 

0.1014  g  sub.:  0.0558  gAgi  Found  <?{);  1  29.75.  C^H||ONi  Calculated  ^  :  I  29.71. 

b)  0.24  g  carbinol  and  0.5  g  bromoethane  were  heated  in  a  sealed  tube  at  100-110*  for  12  hours.  The  initial 
carbinol,  m.  p.  212”,  was  retu  med;  a  sample  mix  melted  at  the  same  temperature. 

SUMMARY 

1.  6-Quinolylmethyl-,  ethyl-,  phenyl-  and  a -naphthylcarbinols  were  synthesized  by  reacting  magnesium 
halide  alkyls  and  aryls  with  anhydrous  6 -quinolyl aldehyde  in  ether  solution.  The  homologous  alkyl  halides  were  ob¬ 
tained  by  heating  the  carbinols  with  iodomethane  and  bromoethane. 

2.  0.QUinolylmethyl,  ethyl,  and  phenyl  ketones.  Identified  in  the  form  of  iodomethylates  and  phenylhydra- 
zones,  were  synthesized  by  oxidizing  6-quinolylcarbinols  with  chromium  trioxide  in  glacial  acetic  acid  solution. 
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SYNTHESIS  OF  SOME  HALOACETYL  AND  AMINOACETYL  DERIVATIVES 
OF  2 -AMINOPYRIMIDINE  AND  GUANINE 


M.  A.  Prokofyev,  Z.  A.  Shabrova,  and  E.  G.  Antonovich 


Earlier  we  had  synthesized  a  number  of  acyl  (acetyl,  chloroacetyl,  aminoacetyl)  derivatives  of  the  2 -amino- 
pyrimidines  and  had  studied  the  the  hydrolytic  stability  of  these  compounds  [1].  In  the  present  investigation  we  con 
tinned  our  study  of  similar  derivatives  of  2-amino-4-hydroxy-6-aminopyrimidine  and  of  guanine. 


The  careful  reaction  of  chloroacetyl  chloride  with  2-glycyglycylamino-4-hydroxy-6-methylpyrimidine  (I)  in 
chloroform  ^ave  2-chloroacetyl  lycylglycylamino-4-hydroxy-6-rneihylpyririnidine  (II)  in  excellent  yield,  the.amina- 
tion  of  which  in  liquid  ammonia  readily  gave  2-glycylglycylglycylamino-4-hydroxy-6-methylpytimidine  (III). 
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The  structure  of  the  obtained  compounds  was  proved  by  hydrolysis.  The  hydrolysis  of  (II)  with  water  gave  chlo- 
roacetylglycylglycine  and  2 -amino-4 -hydroxy-6-methylpyrimidine;  the  hydrolysis  of  (III)  with  coned.  HCl  gave  gly- 
cylglycine  (as  the  hydrochloride),  glycine  (as  the  hydrochloride  of  the  methyl  ester)  and  2-amino-6-methylpytimi- 
dine. 

In  contrast  to  the  2  -aminopyrimidines,  the  chloroacylation  of  guanine  proceeds  with  great  difficulty.  The 
reaction  can  be  made  to  proceed  with  excellent  yield  in  a  melt  with  chloroacetyl  chloride,  with  the  addition  of  a 
“small  amount  of  phosphoric  acid.  The  conversion  of  2-chloroacetylamino-4-hydroxypurine  (IV)  to  2-glycylamino- 
4 -hydroxypurine  (V)  is  accomplished  with  comparative  ease,  in  liquid  ammonia. 

HjNC  -♦CICH.CONHC  C  — ►  NH-CH.CONHC  C-NH^. 

A  study  of  the  comparative  hydrolytic  stability  of  the  amino  acylated  derivatives  of  2 -aminopyrimidines  re¬ 
veals  that  the  stability  of  the  amide  linkage  sharply  decreases  in  the  order:  acetyl,  haloacetyl,  and  aminoacetyl 
derivatives.  As  had  been  shown  by  us  earlier  [1],  the  acetylamino  derivatives  of  the  pyrimidines  fail  to  hydrolyze 
under  prolonged  boiling  with  water;  btnling  for  2  hours  with  water  is  sufficient  to  cause  the  decomposition  of  the 
chloroacetylamino  derivatives,  while  the  aminoacetyl  derivatives  are  completely  hydrolyzed  even  with  a  short  heat 
ing  period  (10-15  minutes).  In  all  cases  the  amide  linkage  in  the  2 -glycylglycylaminopyrimidine  is  hydrolyzed 
long  before  the  peptide  linkage  suffers  hydrolysis. 

The  stability  to  hydrolysis  of  the  aminoacyl  derivatives  of  2  -aminopyrimidines  is  increased  if  the  terminal 
amino  group  is  protected  (for  example,  by  phthalation).  Thus,  2-phthalylgylcylamino-4-cbloro-6-methylpyrimi- 
dine  in  its  hydrolytic  stability  approaches  2-chlcKoacetylamino-4-chloro-6-methylpyrimldine. 

The  chloroacetylamino  derivative  of  guanine  is  stable  toward  boiling  water,  also  (V)  is  quite  stable  under 
these  cenditions. 

In  the  process  of  obtaining  the  polyaminoacyl  derivatives  of  the  2 -aminopyrimidines  we  were  able  to  ob¬ 
serve  the  replacement  of  the  aminoacetyl  residue  in  the  corresponding  derivative  of  the  2  -aminopyrimidine  by 
the  a -bromopropionyl  group.  When  a  -biomopropionyl  bromide  was  reacted  with  2-glycylamino-4-hydtoxy-6- 
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mcthylpyrimidine  (VI),  instead  of  the  expected  2-(a -bromopropionylglycylanTino)-4-hydroxy-6-methylpyrimidine 
We  obtained2 -(a-bromopropionylamino)-4 -hydroxy-6-methylpyriihidine  (VII),  while  the  amination  of  the  latter  gave 
4-oxo-6-methylpyrimidine-2,3  :2',  3*  -4-methyIdihydroimidazoI-5'-one  (VIII),  as  the  result  ofthe  following  reactions: 
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The  obtained  pyrimidinoimidazolone  derivative  was  completely  Identical  with  the  corresponding  compound 
that  had  been  described  by  us  earlier  [2], 

EXPERIMENTAL 

2  -Chloroacetylglycylglycylamino -4 -hydroxy-6 -methylpyrimidine  (II).  To  a  solution  of  1.7  g  of  chloroacetyl 
chloride  in  100  ml  of  dry  chloroform  was  added  with  rapid  stirring  1.2  g  of  finely  ground  2 -glycylglycylamino -4 -hy¬ 
droxy -6 -methylpyrimidine  (I).  The  vigorous  separation  of  a  flocculent  precipitate  began  almost  immediately,  which 
was  filtered  and  washed  with  dry  ether,  M.p.  156*.  Yield  80*^. 

Found  N  21.97.  21.85  (Kjeldahl).  CuHi404N,Cl.  Calculated  ;  N  22.2 

The  compound  was  subjected  to  hydrolysis  by  boiling  it  in  water  for  3  hours.  From  0.7  g  of  (II)  after  cooling  of 
the  hydrolyzate  there  was  obtained  0.25  g  of  2 -amino -4 -hydroxy -6 -methylpyrimidine  with  m.p.  296*.  No  depress¬ 
ion  of  the  melting  point  was  observed  when  it  was  mixed  with  the  synthesized  product. 

Found  :  N  33,4  (Kjeldahl).  C^H^Ol^.  Calculated  ;  N  33.6 

The  filtrate  was  evaporated  to  dryness  in  vacuo  and  the  residue  was  treated  with  dry  chloroform.  The  chloro¬ 
acetyl  glycylglycine  was  separated  from  the  chloroform  extract.  M.p.  175*,  the  mixed  melting  point  with  the  syn¬ 
thesized  preparation  failed  to  show  a  depression. 

2-Chloroacetylglycylglycylamino-4-hydroxy-6-methylpytimidine  (II)  is  completely  hydrolyzed  under  the  con¬ 
ditions  for  the  Van  Slyke  determination  of  amino  nitrogen,  in  which  connection  2  amino  groups  are  determined  (one 
from  aminopyrimidine,  the  other  being  derived  from  the  hydrolysis  of  the  peptide  linkage). 

2  -Glycylglycylglycylamino-4-hydroxy-6-methylpyrimidine  (III).  Five  grams  of  finely  divided  2 -chloroacetyl - 
glycylglycylamino-4-hydroxy-6-methylpyTimidine  (II)  was  shaken  in  an  autoclave  with  50  ml  of  liquid  ammonia 
foe  6  hours.  The  ammonia  was  removed  by  evaporation  and  the  residue  was  thoroughly  washed  with  anhydrous  methyl 
alcohol  until  the  precipitate  and  fresh  portions  of  the  filtrate  failed  to  give  a  reaction  for  halogen.  M.p.  216-218* 
(with  decomposition).  Yield  73^. 

Found  :  N  28.32,  28.50  (Kjeldahl).  CuH^OtN*.  Calculated  :  N  28.87. 

If  the  usual  conditions  are  used  for  the  Van  Slyke  determination  of  amino  nitrogen,  then  3  amino  groups  are 
determined:  the  terminal  amino  group,  arising  in  the  hydrolysis  of  the  amide  linkage,  the  2 -amino  group  of  the  py¬ 
rimidine,  and  the  amino  group  resulting  from  the  hydrolysis  of  one  of  the  peptide  bonds.  However,  if  the  product  is 
first  boiled  for  9  hours  with  hydrochloric  acid  (d  1.19),  then  all  4  possible  amino  groups  are  determined. 

The  compound  was  subjected  to  hydrolysis  for  the  purpose  of  isolating  the  decomposition  products.  The  sub¬ 
stance  (2.8  g)  was  treated  with  16  ml  of  hydrochloric  acid  (d  1.19)  at  room  temperature  for  2.5  hours.  The  hydro¬ 
lyzate  was  evaporated  in  vacuo  to  V»  of  the  original  volume.  The  obtained  hydrochloride  of  2-amlpo-4-hydtoxy- 
6 -methylpyrimidine  was  filtered,  and  then  by  subsequent  solution  in  water  and  precipitation  with  10^  NaOH  it  was 
converted  to  the  free  base.  M.p.  294*  (from  water).  The  mixed  melting  point  with  the  synthetic  preparation 
failed  to  show  a  depression. 

Found  N  33.12,  33.65  (Kjeldahl).  CjHtOI^.  CalcuUted  N  33.6. 

The  filtrate  was  evaporated  in  vacuo  to  a  sirupy  consistency,  and  then  was  saturated  with  HCl  gas  for  2  hours 
at  0*.  The  obtained  crystalline  deposit  of  glycylglycine  hydrochloride  was  filtered,  washed  with  coned,  hydrochlor¬ 
ic  acid,  and  thoroughly  dried.  The  compound  gives  a  biuret  reaction  of  the  dipeptlde  type. 

Found  ^ :  Cl  21.36  (by  Volhard).  C4H,0,1>^;  HCl.  Calculated  ..  Cl  21.05. 
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To  the  filtrate  was  added  5  ml  of  CHjOH,  saturated  in  the  cold  with  HCl  gas.  With  strong  cooling  and  stirring 
the  hydrochloride  of  glycine  methyl  ester  was  obtained,  m.p.  173*.  The  mixed  melting  point  of  this  ester  with  the 
synthesized  product  failed  to  show  a  depression, 

2  -Chloroacetylamino-4-hydroxypurine  (IV).  To  10  g  of  chloroacetyl  chloride,  heated  to  90*.  was  added  2-3 
drops  of  phosphoric  acid  and  gradually  with  constant  stirrli^  there  was  introduced  3  g  of  guanine,  finely  ground  in  a 
mortar.  The  temperature  of  the  melt  was  maintained  at  120-125*  for  30  minutes.  The  reaction  mass  was  trans¬ 
ferred  to  a  porcelain  mortar  and  after  cooling,  was  thoroughly  mbbed  with  ether  several  times  (to  remove  chlaroace- 
tic  acid  and  unreacted  chloroacetyl  chloride).  The  deposit  was  filtered  and  recrystallized  from  water.  M.p.  267- 
269*  (with  introduction  of  the  capillary  Into  the  block  previously  heated  to  240*),  Yield  67^. 

Found  1o  ;  C  36,64;  H  2.94;  N  30.6;  Cl  15.30.  CtH^O^NjCI.  Calculated  ;  C  37.0;  H  2.65;  N  30.7;C1  15.4. 

The  substance  is  difficultly  soluble  in  alcohol  and  cold  water,  more  readily  soluble  in  hot  water;  insoluble  in 
the  ordinary  organic  solvents.  Prolonged  boiling  with  water  fails  to  hydrolyze  the  compound. 

2 -Glycylamino-4-hydroxypurine  (V).  Five  grams  of  finely  divided  dry  2-chloroacetylamino-4-hydroxypurine 
(IV)  was  treated  with  100  ml  of  dry  liquid  ammonia.  The  mixture  was  shaken  in  an  autoclave  at  room  temperature 
{(X  3  hours.  The  ammonia  was  evaporated  and  the  ammonium  chloride  was  removed  from  the  residue  by  washing 
with  methyl  alcohol.  The  white  powder  was  recrystallized  from  water.  The  substance  crystallizes  as  the  tnonohydrate 
and  is  infusible  up  to  400*.  Yield  77^.  One  amino  group  is  determined  by  the  Van  Slyke  method  under  normal  condi¬ 
tions.  The  substance  is  insoluble  in  the  ordinary  organic  solvents,  poorly  soluble  in  cold  water  and  alcohol. 

Found  ^  :  C  37.61;  H  4.40;  N  37.00.  CtHiO^N,  •  H,0.  Calculat^  ;  C  37.17;  H  4.42;  N  37.17. 

2  -( a  -  Bromopropionylamino)  -4  -hydroxy  -6  -methylpyii  mi  dine  ( Vll).  To  35  g  of  a  -bromopropionyl  bromide  in 
130  ml  of  dry  chloroform  was  added  10.7  g  of  2-glycylamino-4-hydroxy-6-methylpyrimidine  (VI).  The  reacticHi 
was  mn  at  75-80*  for  5  hours.  The  chloroform  was  removed  in  vacuo.  The  substance  was  recrystallized  from  methyl 
alcohol,  m.p.  170*;  completely  analogous  to  thepreparation  described  by  us  earlier  [2]. 

Found  ^  :  C  37.4;  H  4.07;  N  16.10.  CjHioO^l^Cl.  Calculated*^  ;  C  36.92;  H  3.87;  N  16.15. 

4-Oxo-6-methylpyrimidino-2.3;2*.3*-4-methyldihydroimidazol-5*-one  (Vlll).  Two  grams  of  2 -(a -bromoprop¬ 
ionylamino) -4 -hydroxy-6 -methylpyrimidine  (VII)  was  treated  with  40  ml  of  liquid  ammonia.  The  solution  was  allow¬ 
ed  to  stand  for  several  days  in  a  sealed  glass  ampule.  The  residue,  remaining  after  removal  of  the  ammonia,  was  re¬ 
crystallized  from  water.  M.p.  282*  (with  decomposition).  The  substance  is  analogous  to  the  product  described  by  us 
earlier  [2]. 

Found*!fc :  C  53.12;  H  5.09;  N  23.29.  0,11,0^1^.  Calculated  ‘Jb  :  C  53.63;  H  5.03;  N  23.46. 

SUMMARY 

1.  A  method  was  developed  for  the  preparation  of  rrono-,  di-and  triaminoacyl  derivatives  at  the  amino  group 
of  2 -amino-pyrimidines  and  of  guanine  by  the  method  of  reacting  the  latter  compounds  with  a  -haloaliphatic  acid 
halides,  followed  by  amination.  The  comparative  hydrolytic  stability  of  the  obtained  compounds  was  studied. 

2.  In  some  cases  it  was  observed  that  overacylation  occurs  in  the  reaction  of  a  -bromoaliphatic  acid  bromides 
with  the  aminoacyl  derivatives  of  2-aminopyrimidines.  An  example  of  such  a  reaction  is  to  be  found  in  the  forma¬ 
tion  of  2-(a  -bromoixopionylamino)-4 -hydroxy -6-methylp)rrimidine  from  2 -glycylamino -4 -hydroxy -6 -methylpyri¬ 
midine  under  the  influence  of  a  -bromopropionyl  bromide. 
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ABSORPTION 

OF 


SPECTRA  AND  FINE  STRUCTURE  OF  THE  SUBSTITUTION  DERIVATIVES 
QUINOLINE,  THE  INITIAL  SUBSTANCES  FOR  A  NTIMALARI ALS 


II.  TAUTOMERISM  OF  THE  2  -AND  4  -METHYLPYRIDINES  • 
V.  1.  Bllznyulkov  and  V,  M.  Reznikov 


The  chemical  properties  of  2-  and  4 -amino-  and  methylpytidine,  and  of  pytidone  differ  sharply  from  the 
COTresptnding  third  position  substitution  derivatives.  Subsequent  to  the  studies  of  Chichibabin  [1],  the  opinion  that 
the  specific  peculiarities  of  these  compounds  reflect  tautomerism  became  deeply  tooted  in  the  literature.  However, 
data  contradicting  the  tautomerism  of  2  -aminopyridine  was  discovered  by  Goldfarb  [2],  and  Anderson  did  likewise 
for  4 -aminopyridine  [23].  As  one  of  us  had  demonstrated  by  detailed  spectrographic  analysis  in  the  ultraviolet  that 
no  tautomerism  actually  exists  in  2  -  and  4 -aminopyridine  [3],  and  as  this  was  later  confirmed  in  other  studies  [21,22] 
it  appeared  to  us  to  be  of  interest  to  extend  this  research  to  methylpyiidine  and  pytidone. 

The  present  study  is  devoted  to  the  absorption  spectra  of  pyridine  and  2-  and  4 -methylpytidine.  Analysis  of  the 
absorption  spectra  of  pyridine  and  its  derivatives  was  based  on  the  principles  establish  ed  by  Valashko  [4]  in  his  stud¬ 
ies  of  benzene  derivative  spectra.  He  demonstrated  that  introduction  of  such  electron  acceptor  groups  as  the  nitro 
and  aldehyde  groups,  etc.,  into  the  benzene  molecule  resulted  in  the  appearance  of  two  absorption  bands  in  the  mid¬ 
dle  ultraviolet  ("a.  -type" spectrum).  The  presence  of  such  electron  donor  groups  in  the  benzene  molecule  as  the  hy¬ 
droxyl  or  the  amino  resulted  in  the  appearance  of  a  single  absorption  band  (the  *^-type).  Accumulation  of  a  number 
of  electron  acceptor  groups  (dlaldehyde,  nitroaldehyde)  in  the  benzene  ring  is  characterized  by  a  rise  in  the  intensity 
of  absorption  and  a  slight  bathochromic  shift  in  the  curve,  but  the  a  -type  spectrum  remains  unchanged.  Accumula¬ 
tion  of  a  number  of  election  donor  groups  in  the  ring  (diamines,  diatomic  phenols,  etc.)  also  raises  the  intensity  of 
absorption,  but  the  phenol -type  absorption  spectrum  remains.  Presence  of  both  types  of  substitutes  in  ortho  position 
within  the  benzene  molecule  results  in  an  a  -spectmm  (or  "ortho  type")  with  two  absorption  bands  of  high  intensity. 
When  the  substitutes  are  in  the  para  position  the  resultant  "  para  bands"  intensify  phenol  type  spectra  with  a  single 
high  intensity  absorption  band  ("para  type”  spectrum)  in  the  middle  ultraviolet. 

Pyridine  Absorption  Spectra 

The  absorption  spectra  of  pyridine  in  the  ultraviolet  have  been  studied  repeatedly  and  with  the  use  of  various 
solvents.  First  Hartley  discovered  one  broad  band  with  a  maximum  at  X  253UA[d].  This  same  band  was  found  by 
other  investigators  [6,24].  Fischer  and  Steiner  [7]  found  on  one  side  of  the  main  band  in  hexane  a  group  of  five  narrow 
bands  that  merged  in  water  and  ethanol.  Finally,  it  was  determined  that  the  main  band,  too  (2530  A),  has  a  fine 
structure  and  consists  of  three  narrow  bands  [8].  On  the  basis  of  external  similarities,  some  authors  regard  the  pyri¬ 
dine  spectmm  as  identical  with  that  of  benzene  [7].  Sponer  and  Stuklen  [9],  analyzing  the  absorpticHi  spectmm  of 
pyridine  vapor  and  examining  the  main  elements  of  symmetry  of  pyridine  and  benzene,  found  that  the  absorption 
spectrum  of  pyridine  has  a  greater  similarity  to  that  of  substituted  benzenes  than  to  that  of  benzene  Itself. 

However,  the  fact  must  be  taken  into  consideration  that  in  analyzing  absorption  spectra  it  is  inadequate  to 
limit  oneself  to  the  molecule’s  elements  of  symmetry,  as  an  important  role  is  also  played  by  the  nature  of  the  substit¬ 
uents,  whose  interaction  with  the  ir  -electrons  in  the  ring  is  responsible  for  the  optical  properties  of  the  molecule’s 
electron  shell.  With  the  same  symmetry,  but  with  substitutes  of  varying  nature  (whether  electron  donor  or  election 
acceptOT),  a  molecule  will  have  sharply  different  absorption  spectra.  This  is  expressed  in  Valyashko’s  principles 
for  the  benzene  series  described  above. 

In  the  middle  ultraviolet,  pyridine  has  two  bands  (FLg.  1,  curve  1)  characteristic  of  "a  -type"  spectra  and 
its  absorption  spectrum  calls  to  mind  those  of  nitrobenzene  or  benzaldehyde,  while  in  intensity,  too,  its  bands 
resemble  those  of  nitrobenzene  more  than  benzene  proper.  Comparison  of  pyridine  and  nitrobenzene  will  show  not 
only  identity  of  elements  of  symmetry  but  also  very  close  similarity  in  the  structiue,  position  and  intensity  of 
the  spectral  bands.  Measurements  are  adduced  below  in  confirmation  of  this.  Table  1  compares  the  position  and  in¬ 
tensity  of  the  absorption  bands  of  pyridine,  benzene  and  nitrobenzene. 

*  A  brief  communication  drawn  from  V.  M.  Reznikov’s  dissertation  for  the  degree  of  Candidate. 
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TABLE  1* 


No. 

Name 

Low  intensity  band  spectmm| 

1  Main  band  maximum 

X  (A) 

e 

€:  € 

nitro¬ 

benzene 

X(A) 

£ 

€ 

nitro¬ 

benzene 

1 

Pryidine  (from  clOO  to  ,€  2000  .according 
to  Fischer  and  Steiner)  in  hexane 

2810 

640 

1  :  1.2 

2520 

2090 

1  :  2 

2 

Benzene  (according  toFischffand  Steiner) 
in  hexane 

2680 

8 

1:100 

2550 

200 

1:20 

3 

Nitrobenzene  (according  to  Valyashko) 
in  hexane 

2800 

790 

1 

2520 

4270 

1 

*  In  Table  1,  the  position  of  the  absorption  maximum  of  the  main  benzene  band,  and  of  the  low  intensity  pyridine 
band  represent  arithmetical  means  of  the  positions  of  the  absorption  maxima  of  the  respective  group  of  bands. 

Comparison  of  the  absorption  curves  of  pyndine,  benzene  and  nitrobenzene,  as  presented inFLg.  1  and  Table  1, 
shows  that  the  first  main  absorption  band  (Fig.  !■  curves  1,4,5)  which  lies  at  2500 -2520  A  in  all  three  cases,  is,  for 
pyridine,  10  times  as  intense  as  for  benzene,  but  no  more  than  half  as  in  tense  as 

for  nitrobenzene.  An  even  greater  difference  will  be  noted  between'  the  positions  of  the  low  intensity  bands  of  ben¬ 
zene  and  pyridine,  and,  conversely,  «iniilarity  between  pyridine  and  nitrobenzene.  With  benzene  this  band  is  only 
1/  100th  as  intense  and  is  shifted  120  A  toward  the  shorter  wave  side,  while  it  is  identic.al  in  intensity  for  nitrobenzene 
and  pyridine  and  lies  in  the  same  wavelength  area. 

Thus,  comparison  of  the  absorption  spectra  of  benzene,  pyridine  and  nitrobenzene  testifies  to  the  fact  that  ring 
nitrogen  is  optically  similar  to  the  nitro  and  aldehyde  groups. 

Chichibabin  was  apparmtly  the  first  to  note  the  similarity  of  ring  nitrogen  and  the  nitro  group  [10],  while 
Sidgwick  [11]  and,  particularly,  Mosher  [12]  later  developed  this  thought  in  detail. 

Ring  nitrogen  (an  electron  acceptor  substitute),  reacting  with  the  ir  -electrons  of  the  ring,  deforms  the  electron 
ystem  of  the  pyridine  molecule  so  as  to  create  some  degree  of  positive  charge  at  the  2-  and  4 -positions. 

Accordingly,  absorption  bands  appear  in  the  spectra  similar  to  those  in  the 
,'5  .y  spectra  of  nitrobenzene  or  benzaldehyde.  As  a  result,  the  intensity  of  the  main 

pyridine  absorption  band  rises  10 -fold  by  comparison  to  that  of  benzene.  In  dipole 
solvents  such  as  water,  ethanol,  and  chloroform,  able  to  bond  the  "noncovalent" 
electron  pair  of  ring  nitrogen,  pyridine  acts  as  a  weak  base  and  is  capable  of  form¬ 
ing  unstable  addition  products.  A  system  in  equilibrium  is  established  in  the  solu¬ 
tion. 

CjHsN  +  HOH  C5H5N  -  HOH  ^  [C5H5NH]  OH  “  . 

In  the  instance  given  above,  the  formation  of  the  pyridine  cation  is  accompanied  by  a  70  %  rise  in  absorption 
intensity  relative  to  that  in  nondipole  hexane  (Fig,  1,  curves  2,3). 

With  acids  pyridine  forms  a  salt; 


+ 

C5H5N 

The  concentration  of  the  p)rridine  cation  rises,  and  parallel  thereto  the  intensity  of  the  main  band  increases 
21/2  -fold  relative  to  absorption  in  hexane,  and  by  40*!^  relative  to  absorption  in  water  and  in  ethanol  (Fig.  2, 
curves  2,3). 

The  process  of  salt  formation  is  apparently  consummated  at  a  1:1  molar  t^iio  between  pyridine  and 
acid,  as  no  further  change  in  intensity  is  observed  in  concentrated  98*^  sulfuric  acid.  Measurement  data  are  pre¬ 
sented  in  Table  2. 

Examination  of  the  absorption  spectra  and  chemical  properties  of  pyridine  indicates  the  dual  nature  of  ring 
nitrogen:  when  it  gains  electrons,  it  behaves  like  an  electron  acceptor  substituent ;  when  it  loses  them,  it  is 
capable  of  forming  ammonia  salts. 
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Fig.  1.  1)P  yridine  in  hexane  from  2  to  2  •  10  mole 

(from  €l00  to  €2000,  according  to  Fischer  and  Steiner); 

2)  pyridine  in  ethanol  from  2  •  10"^  to  2  •  10  "^mole; 

3)  same,  In  water;  4)  nitrobenzene  in  hexane,  accord¬ 
ing  to  Valyashko  (partial  curve);  5)  benzene  in  hexane, 
acctxiding  to  Fischer  and  Steiner. 


Fig.  2,  1)  Pyridine  in  16,5  mole  sulfuric  acid  from 

2  •  10  to  2  •  10  mole;  2)  pyridine  in  ethanol 
(1:1  mole  HCl)  from  2  •  10  "*  to  2  •  10  mole; 

3)  pyridine  in  ethanol. 


TABLE  2 


No. 

Name 

1  Maim  band  maximum  | 

€  (in  hexane): 

X  (A)’ 

€ 

€  (in  solvent). 

1 

Pyridine  in  hexane . 

2520 

2090 

2 

Pyridine  in  water  . . 

2530 

3600 

1  ;  1.7 

3 

Pyridine  in  ethanol . .  .  .  .  . 

2530 

3600 

1  :  1.7 

4 

Pyridine  in  an  ethanol  solution  of  hydrogen 
chloride  (1:1) . 

2545 

5200 

1  :  2.5 

5 

Pyridine  in  concentrated  98  sulfuric  acid  .  .  . 

2525 

5200 

1  :  2.5 

4  - Methylpyridine  Absorption  Spectra 

The  absorption  spectra  of  4 -methylpyridine  in  aqueous  solutions  were  investigated  fint  by  Herington  [13]  and 
then  by  Daeniker  [14].  They  found  a  single  broad  band  of  fine  structure. 

We  studied  the  absorption  spectra  of  4 -methylpyridine  in  hexane,  water,  ethanol,  chloroform,  sodium  ethylate. 
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hydrogen  chloride  in  ethanol  solution,  and  in  concentrated  98*^  sulfuric  acid.  Absorption  spectra  in  all  these  solvents 
were  studied  in  the  concentration  interval  from  2  •  10  to  2  •  10  moles.  4 -Methylpyridine  dissolved  in  2  •  10" 
mole  concentration  of  hexane  only  when  heated. 

Within  this  interval  of  concentration  in  hexane,  a  single  wide  band  with  maximum  at  X  2620  A  and  e  2000 
was  found  (Fig.  3,  curve  1). 

Comparison  of  the  absorption  spectra  curve  of  4 -methylpyridine  and  p  -nitrotoluene  in  hexane  (Fig.  3,  curves 
1,5)  shows  close  similarity.  This  is  (Explainable  not  (by  equivalence  of  ring  nitrogen  and  the  nitro  group,  but  by 
similarity  in  their  electron  acceptor  effect  upon  the  electron  system  of  the  ring.  The  absorption  maxima  of  the  main 
band  lie  at  the  same  wavelength  and  differ  only  in  intensity.  When  a  methyl  group  is  introduced  into  the  pyridine 
molecule  abathochromic  shift  results,  similar  to  that  occurring  during  the  transition  from  nitrobenzene  to  p  -nitro¬ 
toluene.  This  is  explained  by  the  fact  that  a  o,  ir  -conjugate  is  established  between  the  methyl  and  nitro  groups 
in  the  p  -nitrotoluene  molecule,  and  between  the  ring  nitrogen  and  the  methyl  group  in  the  4 -methylpyridine  mole¬ 
cule,  loosening  the  electron  system  of  the  molecule  and  thereby  requiring 'less  energy  for  excitation.  In  acids  and 
in  solvents  (water,  ethanol,  chloroform)  capable  of  bonding  the  "noncovalent"  electron  pair  of  nitrogen,  the  intensity 
of  the  main  absorption  band  rises  50  to  150*^  and  in  acids  the  curve  is  also  displaced  somewhat  toward  the  longer 
wavelengths  (Fig.  3,  curves  3,4, 7, 8),  but  the  pyridine  type  of  absorption  is  not  changed.  Table  3  presents  measure¬ 
ments  characterizing  4 -methylpyridine  absorption  maxima  positions  in  various  solvents. 

As  with  pyridine,  the  rise  in  absorption  intensity  of  the  main  4 -methylpyridine  band  in  ethanol,  water,  chloro- 
f(xm  and  acids  relative  to  absorption  in  hexane  is  explained  by  the  formation  of  the  pyridine  cation. 


TABLE  3 


No. 

Name 

Main  band  max. 

£  (in  hexane): 

X  (A) 

£ 

£  (insolvent) 

1 

4  -Methylpyridine  in  hexane 

2615 

2000 

1  :  1 

2 

"  "  water 

2600 

3200 

1  :  1.5 

3 

"  "  ethanol 

2620  ' 

3200 

1  :  1.5 

4 

"  "  sodium  ethylate 

2620 

3200 

1  i  1.5 

5 

"  "  chloroform. 

2620 

4100 

1  :  2.1 

6 

"  "  1 ;  1  HCl  ethanol  solution 

2615 

5200 

1  :  2.5 

7 

"  "  16.5  mole  sulfuric  acid 

2605 

5200 

1  :  2.5 

T  ABLE 

4 

No. 

Name 

Main  band  max. 

€  (in  hexane): 

X(A) 

e 

€  (insolvent) 

1 

2  -Methylpyridine  in  hexane 

2600 

2000 

2 

"  "  water 

2600 

4000 

1  :  2.0 

3 

"  "  chloroform 

2630 

4500 

1  :  2.2 

4 

"  "  ethanol 

2600 

4000 

1  :  2.0 

5 

"  "  sodium  ethylate 

2600 

4000 

1  :  2.0 

6 

"  "1:1  HCl  ethanol  solution 

2620 

5200 

1  ;  2.6 

7 

"  "  98  ^  sulfuric  acid 

2605 

5200 

1:  2.6 

2 -Methylpyridine  Absorption  Spectra 

2 -Methylpyridine  had  been  the  object  of  spectrographic  research  by  several  authors  [5,  6,  15],  who  found  one 
absorption  band  with  2610  A  .  It  was  shown  later  that  this  band  was  of  fine  structure  [13,  14]. 

We  studied  the  absorption  spectra  of  2 -methylpyridine  in  hexane,  water,  chloroform,  sodium  ethylate  solution, 
hydrogen  chloride  in  ethanol  solutitvi  (1 : 1  molar  ratio  of  2 -methylpyridine  and  HCl),  and  in  concentrated  98*^ 
sulfuric  acid. 

In  all  solvents  except  hexane.  2 -methylpyridine  was  studied  in  concentration  intervals  from  2  •  10  to 


382 
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X^kXiO  3600  3ZOO  ZBOO  ZCOO  A 


Fig.  3.  1)  4 -Methylpyridine  in  hexane  from2’  10"*  to 

2  •  10  '  ^  mole;  2)  same,  in  ethanol;  3)  same,  in  water; 
4)  same,  in  chloroform;  5)  p  -nitrotoluene  in  hexane, 
acccxding  to  Valyashko(parial  curve);  6)  pyridine  in 
hexane;  7)  4 -methylpyridine  in  ethanol  (1 ;  1  mole 
HCl)  from  2 : 10  "*  to  2  *  10  mole;  8)  same  in  16,5 
mole  sulfuric  acid  from  2*10'*  to  2*  10  mole;  9) 
same  in  ethanol;  10)  pyridine  in  16.5  mole  sulfuric 
acid. 


AACCC  3600  3200  2300  Z40O  ZOOO  A 


Fig.  4.  1)  2  -Methylpyridine  in  hexane  from 

2  •  10  ’*  to  2  •  10  mole;  2)  same,  in  ethanol; 

3)  same,  in  water;  4)  same,  in  chloroform;  5) 

0 -nitrotoluene  in  hexane  according  to  Valyashko 
(partial  curve);  6)  1 -methyl -2 -methylenedi- 
hydropyridine  in  ether,  according  to  Anderson 
and  Seeger:  7)  pyridine  in  hexane;  8)  2 -methyl¬ 
pyridine  in  ethanol  (1:1  mole  HCl)  from  2  •  10'* 
to  2  *  10  mole;  9)  same  in  16.5  mole  sulfuric 
acid;  10)  2 -methylpyridine  in  ethanol;  11)  pyri¬ 
dine  in  16.5  mole  sulfuric  acid. 
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2  •  10  "^mole.  One  band  was  found  with  X  max  2600  A.  In  hexane,  2 -methylpyridine  was  studied  from  the 
liquid  to  2  •  10  mole.  In  this  concentration  interval  also,  one  band  was  found  at  X  2600  A  .  Table  4  pre¬ 
sents  the  positions  of  the  maxima  and  the  intensity  of  the  main  2 -methylpyridine  absorption  band. 

Fig.  4  presents  curves  for  the  absorption  spectra  of  2 -methylpyridine  in  neutral  solvents  (curves  1,2, 3,4)  and 
in  acids  (curves  8,9)  (the  absorption  of  2 -methylpyridine  in  sodium  ethylate  is  the  same  as  in  ethanol,  and  there¬ 
fore  no  curve  is  presented).  The  measurement  data  presented  in  Fig.  4  and  Table.  4  testify  to  the  fact  that  in  acid 
solutions  and  in  polar  solvents  such  as  water,  ethanol,  and  chloroform,  the  absorption  intensity  of  2 -methylpyridine 
riseslOO  to  150*^  relative  to  its  absorption  in  hexane.  As  in  the  previous  instances,  this  increase  in  intensity 
is  explained  by  the  bonding  of  the  ring  nitrogen  "  noncovalent"  electron  pair  by  the  molecules  of  the  solvent, 
and  by  increased  conjugation  of  the  ring  nitrogen  with  the  methyl  group. 

The  character  of  the  effect  of  o,  ir  -conjugation  in  the  2-methylpryidine  molecule  recalls  the  conjugation  of 
the  methyl  and  nitro  groups  in  the  2 -nitrotoluene  molecule,  testifying  to  the  optical  similarity  of  these  compounds 
(Fig.  4,  curves  1  and  5).  , 

Thus,  spectrographic  study  of  pyridine  and  2-  and  4 -methylpyridine  solutions  in  neutral,  acid  and  basic 
solvents  demonstrates  that  their  absorption  spectra  belong  to  the  pyridine  type  and  resemble  those  of  the  correspond¬ 
ing  nitro  derivatives  of  the  benzene  series.  Absorption  bands  characteristic  of  the  methylenedihydropyridine  tautomer 
were  not  observed  in  any  of  the  three  types  of  solvents,  a  fact  most  evident  upon  comparison  of  the  2 -methylpyridine 
spectrum  with  the  absorption  spectmm  of  1 -methyl -2 -methylenedihydropyridine  (Fig.  4,  curves  1.7). 

The  pyridine  structure  of  2-  and  4 -methylpyridine  is  also  confirmed  by  their  infrared  and  Raman  spectra.  The  in¬ 
frared  spectra  of  2-(and3-methylpyridines  are  known  to  be  identical,  and  3 -methylpyridine  is  structurally  incapab'e  rauto- 
merism.  The  Raman  spectra  of  althraa  methylpyridines  reveal[18)a  bright  line  at  v  990  cm  identical  with  that  of  toluene, 
xylol  and  mesitylene. 

Finally,  measurements  of  the  parachor,  molecular  refractivity  and  dipole  moments  [18]  confirm  the  fact 
that  the  methylpyridines  exist  only  in  pyridine  form. 

The  dual  reactivity  of  the  methylpyridines  is  a  consequence  of  o,  it  -conjugation  and  not  of  tautomerism. 
Depending  upon  the  conditions  of  reaction  and  the  effect  of  the  active  agent,  the  center  of  reaction  is  transferred 
from  the  ring  nitrogen  to  the  methyl  group  and  vice  versa.  This  view  is  substantiated  by  the  fact  that  the  methyl 
group  in  quaternary  ammonia  compounds  of  methylpyridine  has  greater  reactivity  than  in  the  free  base,  yet  tautomer¬ 
ism  is  out  of  the  question  here. 

The  pyridine,  2- and  4 -methylpyridine  used  in  the  spectrographic  research  were  purified  by  means  of  oxalates 
[19].  The  purity  of  the  preparations  was  verified  by  the  melting  points  of  the  picrates:  pyridine  166®,  2 -methyl¬ 
pyridine  163®,  and  4 -methylpyridine  164®.  The  literature  [20]  shows  the  picrate  melting  points  to  be  167®  for 
pyridine,  163-164®  for  2 -methylpyridine,  and  165-167®  for  4 -methylpyridine.  The  spectra  were  photographed 
with  a  Hilger  quartz  spectrograph.  The  source  of  light  was  a  spark  across  ferrotungsten  electrodes,  giving  a  spec  - 
tmm  from  the  visible  to  2000  A, 


SUMMARY 

1.  The  ultraviolet  absorption  spectra  of  pyridine,  4 -methylpyridine  and  2 -methylpyridine  were  studied  in 
hexane,  water,  ethanol,  chlOToform,  an  ethanol  solution  of  hydrogen  chloride,  98'^sulfunc  acid  and  sodium  ethyl¬ 
ate. 

2.  The  dual  character  of  ring  nitrogen,  expressed  in  the  attraction  of  electrons  from  the  pyridine  ring  (sim¬ 
ilarly  to  the  nitro  group)  and  the  yielding  of  electrons,  with  the  formation  of  ammonia -type  salts,  was  demonstrated. 

3.  It  was  postulated  that  the  increased  intensity  andbathochroric-  displacement  of  the  main  absorption  band 
of  2-  and  4 -methylpyridine  relative  to  pyridine  was  caused  by  the  a  ,  t  -conjugation  of  rit^  nitrogen  with  the 
methyl  group,  and  an  explanaticxi  of  their  dual  reactivity  was  offered  in  terms  of  the  concept  of  transfer  of  center 
of  reaction. 

4.  The  ultraviolet  abscxption  spectra  of  2-  and  4 -methylpyridine  do  not  confirm  the  concept  of  their  tauto¬ 
merism. 
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INVESTIGATIONS  IN  THE  ANTHRAQUINONE  SERIES 
XXL  THE  HYDROLYSIS  OF  a-ANTHRAQUINONYLMERCURY  CHLORIDE* 

V.  V.  Kozlov  and  B.  I.  Belov 


As  had  been  shown  by  one  of  us  [1],  the  reaction  for  the  sulfonation  of  anthraquinone  to  the  a-sulfonic  acid, 
using  the  method  of  M.  A.  Ilyinsky  [2],  in  the  presence  of  mercury  salts,  proceeds  in  two  stages  —  mercuration  of 
the  anthraquinone  and  sulfonation  of  the  mercury  compound. 

It  had  also  been  shown  [3]  that  the  desulfonation  or  hydrolysis  of  anthraquinone-a-sulfonic  acid,  realized 
in  the  presence  of  mercury  salts,  also  proceeds  through  the  formation  of  the  intermediate  mercury>containing 
anthraquinone  compound. 

In  this  communication  we  present  the  results  of  our  studies  on  the  hydrolysis  of  the  a- mercury -containing 
anthraquinone  compound.  For  this  we  first  of  all  took  a-anthraquinonylmercury  chloride,  being  the  starting  pro¬ 
duct  for  die  synthesis  of  a-anthraquinonylmercuiy  sulfate  [4],  the  formation  of  which  was  predicted  from  the 
schemes  for  the  synthesis  and  hydrolysis  of  anthraquinone-a-sulfonic  acid.  The  properties  of  o-anthraquinonylr 
mercury  chloride,  first  obtained  by  Coppens  [5],  have  to  a  certain  degree  been  described  in  our  earlier  papers, 
but  the  behavior  of  this  compound  toward  hydrolysis  is  presented  by  us  for  the  first  time. 

We  realized  the  synthesis  of  a-anthraquinonylmercury  chloride  by  the  method  of  A.  N.  Nesmeyanov,  a 
method  that  we  had  tried  earlier  [4}.  In  contrast  to  the  earlier  experiments  on  the  conversion  of  the  a-anthra- 
quinonediazonium  chloride-mercuric  chloride  adduct  to  a-anthraquinonylmercury  chloride  —  RN2CI  ’  HgClj 
—*■  RHgCl,  we  studied  the  transformation  of  the  mercuric  chloride  adducts  of  a-anthraquinonediazonium  nitrate 
and  acid  sulfate  (RN2S04H’  HgCl2  and  RN^NOj  •  HgCl2). 


Fig.  1.  Hydrolysis  of  RHgCl  as  a  function  of  the  temperature  Fig.  2.  Hydrolysis  of  RHgCl  as  a  function  of 

(0.1  g  RHgCl,  10  ml  75%  H2SO4,  1  hour).  the  time  (190*,  10  ml  75%  H2SO4}. 

According  to  Nesmeyanov.  it  was  established  that  the  diazo  salt  anion  fails  to  possess  any  significance  for  the 
formation  of  the  organomercury  compound.  Mercury,  combining  with  die  carbon  of  the  anthraquinone  ring,  is  al¬ 
ways  attached  to  the  same  anion  with  which  it  was  bound  in  the  binary  salt  of  the  original  diazo  compound,  in  ac¬ 
cord  with  the  scheme: 

•  For  Communication  XX.  see  "Communication of  Members  of  the  D.  I,  Mendeleev  All-Union  Chemical  Society," 
No.  4.  5  (1950). 
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RNjX  •  HgCla  RHgCl. 

The  hydrolysis  results  for  a-authraquinonylmercury  chloride  are  shown  in  Figs.  1-21  and  Tables  1-4.  First 
of  all.  these  results  show  that  the  hydrolysis  depends  on  the  temperature.  Our  experiments  permitted  us  to  estab¬ 
lish  that  both  at  170-175*  and  at  190-195*  the  most  complete  hydrolysis  is  obtained  in  75<^t  sulfuric  acid.  The 
original  substance  itself  forms  a  homogeneous  solution  only  in  75*^  sulfuric  acid  and  higher.  Hydrolysis  in  more 
dilute  sulfuric  acid  emphasizes  the  relative  stability  of  a-anthraquinonylmercury  chloride.  The  small  amount 
of  decomposition  (5%  conversion)  obtained  when  the  substance  is  heated  for  1  hour  in  sulfuric  acid  monohydrate 

TABLE  1 


Hydrolysis  of  RHgCl  as  a  Function  of  Sulfuric  Acid  Concentration 


Expt. 

No. 

'  H2SO4  (in  Ok) 

RHgCl  (in  g) 

1 

KI  for  1  ml  of 
solution  (in  ml) 

Mercury  found 

(in  8) 

Hydrolyzed  substance 

a)  190-195*; 

1  hour;  10  ml  H2SO4; 

Tjq  0.002295  g  Hg 

1 

25 

0.0991 

0.09 

0.0207 

5.2 

2 

40 

0.1291 

0.11 

0.0252 

49 

3 

50 

0.1493 

0.16 

0.0367 

62 

4 

60 

0.1137 

0.13 

0.0298 

66 

5 

75 

0.1262 

0.19 

0.0436 

96 

6 

80 

0.1140 

0.14 

0.0321 

70.5 

7 

100 

0.0898 

0.08 

0.0184 

5.1 

b)  170-175*; 

1  hour,  10  ml  H2SO4; 

Tki  0.002295  g  Hg 

8 

4Q 

0.0919 

0.08 

0.0184 

4.9 

9 

50 

0.1185 

0.11 

0.0252 

54.0 

10 

75 

0.1107 

0.12 

0.0275 

62.5 

11 

85 

0.1015 

0.105 

0.0231 

59.4 

12 

100 

0.0747 

0.07 

0.0161 

5.4 

TABLE  2 


Hydrolysis  of  RHgCl.  Influence  of  Mercury  Sulfate  Addition 


Expt. 

No.’ 

H2SO4  (in  ojo) 

RHgCl  (in  g) 

HgSQ,  (in  g) 

Kl  for  1  ml  of 
solution  (in  ml) 

Mercury  found 

(i^ 

Hydrolyzed 
substance  (ofo) 

190-195*;  1  hour;  10  ml  H2SO4;  Tjq  0.002295  g  Hg 

1 

50 

0.1493 

- 

0.16 

0.0367 

62 

2 

50 

0.1189 

0.0099 

0.11 

0.0252* 

38.5 

3 

75 

0.1262 

- 

0.19 

0.0436 

96 

4 

75 

0.0926 

0.0099 

0.13 

0.0298* 

62.5 

indicates  the  considerable  stability  of  the  substance  in  anhydrous  sulfuric  acid.  This  stability  to  concentrated  acids 
explains  theffact  observed  by  us  earlier  of  the  possible  conversion  of  pt-antiuraquinonylmercury  chloride  to  a-anthra¬ 
quinonylmercury  acid  sulfate  under  the  influence  of  sulfuric  anhydride  in  oleum  [4].  The  results  for  the  hydrolysis 
of  RHgCl.  conducted  with  the  addition  of  mercury  sulfate,  up  to  of  the  total  amount  of  substance  being  hydroly¬ 
zed,  to  the  reaction  mixture,  shows  that  the  mercury  sulfate  hinders  the  hydrolysis  somewhat  (Table  2). 

The  hydrolysis  of  RHgCl  in  aqueous  sulfuric  acid  can  be  depicted  as  a  process  composed  of  the  following 
reactions: 

a)  2RHgCl  +  2HOH  — ►  2HR  +  2Hg(OH)Cl, 

b)  2Hg(OH)Cl  +  H2SO4  ->  HgSQ*  +  HgCl2  +  HOH. 

c)  RH  +  HgS04  RHgS04a 

d)  RHgS04H  +  HOH  RH  +  HOHgS04H. 

2HRgCl  +  2HOH  +  H2SO4  ->  2KH  +  HgCla  +  H0HgS04H. 

•  After  subtracting  the  introduced  mercury  sulfate. 
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To  the  degree  that  the  mercury  sulfate  formed  according  to  scheme  (b)  is  capable,  under  the  influence  of 
the  water  contained  in  the  aqueous  sulfuric  acid,  of  forming  the  hydrated  amphoteric  mercury  compound  [3] 

HgSQ,  +  HOH  — ►  HOHgSQiH, 

to  that  degree  will  the  hydrolysis  of  RHgCl  or  RHgSQiH  prevail  over  the  possible  mercuration  reaction.  The  direct 
introduction  of  mercury  sulfate  into  the  reaction  mixture,  i.e.,  an  increase  in  the  concentration  of  the  mercuration 
agent,  already  causes  a  noticeable  retardation  of  the  hydrolysis  reaction  (Table  3). 

TABLE  3 


Expt. 

No. 

Heating  time 
(in  mins) 

RHgCl  (in  g) 

HgS04  (in  g) 

KI  for  1  ml  of 
solution  (in  ml) 

Mercury  found 
(in  g) 

Hydrolyzed  substance 

m 

1 

2 

30 

30  +  60 

1 

0.0984 

0.1115 

70-175*;  10  m] 

0.0099 

[  75<%H2SQ4;  6.5'% 

0.11 

0.13 

HgSQi:  Tjq  0.0016 

0.0186 

0.0153* 

87  g  Hg 

47.1 

34.4 

TABLE  4 

Hydrolysis  of  RHgCl.  Influence  of  Chlorosulfonic  Acid  Addition 


Expt, 

No. 

RHgCl  (in  g) 

Time 
(in  mins) 

KI  for  1  ml  of 
solution  (in  ml) 

Mercury  found 

Hydrolyzed 
substance  (%) 

Remarks 

170-175*;  10  ml  75<%  H2SQi-.  10'%  SO3HCI;  Tjq  0.001687  g  Hg 

1 

0.1107 

60 

0.16 

0.0275 

62,5 

without  SQsHCl 

2  . 

0.1103 

60 

0.18 

0.0304 

69.0 

7 

3 

0.1181 

90 

0.24 

0.0405 

86,0 

(  with  saHCl 

4 

0.1098 

30 

0.17 

0.0287 

65.3 

J 

The  possibility  of  some  mercuration  of  anthraqulnone  by  mercury  sulfate  in  75<^  sulfuric  acid  at  190*  was 
confirmed  by  us  in  a  separate  experiment. 

The  introduction  into  the  reaction  mass(during  the  time  of  heating  in  75*^  sulfuric  acid  at  170-175*)  of  up 
to  10*%  of  chlorosulfonic  or  hydrochloric  acid  accelerates  the  hydrolysis  process  somewhat,  especially  in  the 
early  part  of  the  reaction  (Table  4).  The  value  of  chlorosulfonic  acid  or  of  the  chloride  ion  in  general  for  retard¬ 
ing  the  mercuration  process  had  been  studied  by  us  earlier  [7]. 

The  hydrolysis  of  RHgCl  in  aqueous  sulfuric  acid  with  the  addition  of  SQsHCl  (or  HCl)  can  be  depicted  as 
a  process  that  is  composed  of  the  following  reactions: 

SPjHCl  +  HOH  — >  HiSQi  +  HCl. 

H0HgS04H  +  2HC1  HgCli  +  HOH  +  H2SO4, 

Hg(OH)Cl  +  HCl  — ►  HgClj  +  HOH. 

HgS04  +  2HC1  HgCl2  +  H2SO4. 

The  mercuric  chloride  that  is  formed  gradually  distills  from  the  reaction  mass,  in  that  way  making  even 
less  possible  the  mercuration  of  anthraqulnone,  proceeding  concurrently  with  the  hydrolysis  reaction,  than  when 
the  RHgCl  is  directly  hydrolyzed  without  the  introduction  of  SOjHCl  or  HCl. 


EXPERIMENTAL 

1.  Preparation  of  a-anthraquinonediazonium  double  salts.  The  oc-anthraquinonediazonium  chloride-mer- 
curie  chloride  adduct  was  prepared  by  the  diazotization  of  a-aminoanthraquinone  and  subsequent  precipitation 
with  mercuric  chloride  by  the  earlier  described  method  [4]. 

To  prepare  a~anthraquinonediazonium  acid  sulfate  the  a-amlnoanthraquinone  was  diazotized,  according 
to  Maki  [8],  in  sulfuric  acid  suspension  with  dry  nitrite.  To  prepare  a-anthraquinonediazonium  nitrate  2  g  of 


•  After  subtracting  the  introduced  mercury  sulfate. 
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a-aminoanthraquinone  was  diazotized  in  20  ml  of  nitric  acid  (d  1.4)  at  0-5*  with  dry  nitrite,  with  stining  for  1.5 
hours.  After  this  the  mixture  was  kept  for  20  hours  at  0r5*,  then  poured  into  200  ml  of  cold  water  and  suction 
filtered  from  unreacted  aminoanthraquinone  (0.4  g,  or  20%).  In  all  three  cases  of  diazotization  the  obtained  diazo 
solutions  couple  well  with  different  azo-components. 

To  each  of  the  obtained  diazo  solutions  (200  ml)  was  added  with  vigorous  stirring  a  solution  of  6  g  of  yellow 
mercury  oxide  in  50  ml  of  15%  hydrochloric  acid.  Heavy  crystalline  precipitates  are  obtained,  which  were  filtered, 
washed  with  cold  water  and  alcohol,  and  dried  in  a  darkened  desiccator  over  potassium  hydroxide. 


Below  are  given  the  properties  of  the  a-anthraquinonediazonium  salt-mercuric  chloride  adducts. 


Composition 

Crystal  form 

Color 

Decomposition  point  [6] 

RN2CI  •  HgClj 

Fine  silky  needles 

Pale  yellow 

164* 

RN2SO4H '  HgCl2 

Stout  needles 

Yellow 

154 

RNjNO,  •  HgClj 

Fine  needles 

Yellow 

152 

The  dried  products  couple  well  with  different  azo- components.  The  yields  of  the  different  mercuric  chlor¬ 
ide  adducts  are  as  follows:  3.7  g  for  a-anthraquinonediazonium  chloride.  2.2  g  for  a-anthraquinonediazonium 
acid  sulfate,  3.1  g  for  a-antiiraquinonediazonium  nitrate.  Analysis  of  the  a-anthraquinonediazonium  chloride- 
mercuric  chloride  adduct  had  been  made  earlier.  Analysis  of  the  other  diazo  salts  by  decomposition  in  80%  sul¬ 
furic  acid  with  potassium  dichromate,  with  collection  of  the  evolved  diazo  nitrogen  in  a  Lunge  nitrometer  over 
potassium  hydroxide,  gave  the  following  results; 

0.4914  g  sub.:  21.9  ml  Nj  (20*.  749  mm).  Found  %:  N  5.07.  CUH7O2N1SO4H *  HgCl2.  Calculated  %: 

N  4.64.  0.4822  g  sub.:  21.6  ml  Nj  (20*.  750  mm).  Found  %:  N  5,01.  CuHtOzNzNOs  •  HgCl2.  Calcula¬ 
ted  %:  N  4.95. 

Analysis  for  mercury  (by  Koshkin  [9]).  The  substance  (0,7339  g),  after  decomposition  with  sulfuric  acid, 
was  dissolved  in  300  ml  of  water.  For  the  titration  of  1  ml  of  this  solution  there  was  required  0.69  ml  of  0.01  N 
KI  (T  =0.001191  g  Hg). 

Found  %:  Hg  33,61.  Ci4H70iN2S04H  •  HgCl2.  Calculated  %:  Hg  33,2.  0.2122  g  substance,  after  decom¬ 
position  with  sulfuric  acid,  was  dissolvdd  in  100  ml  water.  The  titration  of  1  ml  of  this  solution  required 

0,62  ml  of  0.01  N  KI.  Found  %:  Hg  34.96.  C14H7O2N2NO3  •  HgCl2.  Calculated  %:  Hg  35,21. 

Analysis  for  Chlorine  (Volhard):  the  adduct  sample,  suspended  in  water,  is  coupled  for  3  hours  with  0  -naph- 
thol.  After  standing  for  a  day,  the  dye  is  filtered  and  washed.  The  mother  liquor  and  wash  waters  are  made  up 
to  a  volume  of  300  ml. 

0.5037  g  sub.:  1  ml  of  solution  required  0.32  ml  of  AgNOs  (T  =  0.002862).  Found  %  Cl  11,39. 

Q4H7O2N2SO4H  •  HgCl2.  Calculated  %:  Cl  11.77.  0.3021  g  sub.:  1  ml  of  solution  required  0.42  ml  of 

AgNO,.  Found  %:  Cl  12.21.  Ci4H70iN2NOs  *  HgCl2.  Calculated  %:  Cl  12.5 

Preparation  of  g-anthraquinonylmercury  chloride.  One  gram  of  the  dry  adduct  (chloride,  acid  sulfate  or 
nitrate)  was  suspended  in  30  ml  of  dry  acetone  in  a  beaker  with  stirring  and  external  cooling.  To  the  suspension 
was  gradually  added  0.3  g  of  copper  bronze.  The  reaction  temperature  was  kept  below  25-30*,  the  decomposition 
time  for  the  diazo  compound  was  15  hours.  The  dark  grey  or  dark  brown  mass  was  separated  from  acetone  by 
filtration,  washed  on  die  filter  with  acetone,  and  then  with  hot  alcohol.  a-Chloroanthraquinone  is  isolated  from 
the  latter  solutions  in  a  yield  of  0,23-0.17  g  (53.5-41%)  for  the  different  diazo  compounds.  The  residue  on  the 
filter,  freed  of  a-chloroanthraquinone.  was  washed  with  5%  ammonia  to  colorless  filtrate,  then  with  water  and 
alcohol,  and  finally  dried  at  100*.  Yield  0.4-0.58  g  (43-59%)  from  the  different  diazo  compounds,  based  on 
a-anthraquinonylmercury  chloride. 

The  substance  crystallizes  from  hot  phenol  as  a  bright  yellow  microscopic  powder,  having  the  same 
composition  for  all  of  the  original  diazo  compounds. 

Analysis  for  mercury  (by  Koshkin):  0.5766  g  of  substance,  after  decomposition  with  sulfuric  acid,  was  dis¬ 
solved  in  300  ml  of  water.  The  titration  of  1  ml  of  the  solution  required  0,72  ml  of  0.01  N  KI  (T  =  0.001191  g  Hg), 

Found  %:  Hg  44.31.  Ci4H7P2HgCl.  Calculated  %:  Hg  45.24, 

3.  Hydrolysis  of  a-anthraquinonylmercury  chloride.  The  hydrolysis  was  performed  with  0.0002-0.0003 
mole  of  substance,  i.e.,  with  0,1-0.15  g,  in  small  flasks  fitted  with  reflux  condensers,  in  a  common  oil  bath  for 
several  samples.  During  hydrolysis  the  separation  of  a  product  is  observed  ^sublimation  and  condensation  in  the  neck 
of  die  flask),  which  product  gives  all  of  the  specific  reactions  for  anthraquinone  and  mercuric  chloride. 
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After  hydrolysis  the  reaction  mass  is  poured  on  ice  and  filtered  from  anthraquinone  and  from  unieacted 
starting  material.  Not  even  traces  of  hydroxyanthraquinone  are  to  be  found  in  the  product.  The  modier  liquor  and 
wash  waters  are  transferred  to  a  100  ml  volumetric  flask,  where  the  amount  of  mercury  is  determined.  From  the 
amount  of  mercury  found  in  the  solution,  calculated  in  percent  on  the  weight  of  sample  taken  and  referred  to  the 
maximum  amount  of  mercury  present  in  the  original  substance  —  a-anthraquinonylmetcury  chloride,  the  degree 
of  hydrolysis  of  the  substance  is  determined  In  accord  with  the  scheme: 

RHgCl  +  H0H(HiS04)  — ^  HgS04  +  HOH  +  HCl  +  RH. 

SUMMARY 

1.  The  hydrolysis  of  a-anthraquinonylmercury  chloride  in  different  concentrations  of  sulfuric  acid  was 
studied.  It  was  established  that  the  most  complete  hydrolysis  is  obtained  in  75<^  sulfuric  acid.  With  increase  in 
sulfuric  acid  concentration  the  hydrolysis  is  retarded  and  in  anhydrous  sulfuric  acid  it  hardly  proceeds  at  all. 

2.  It  was  established  that  the  hydrolysis  of  RHgCl  is  hindeired  by  the  addition  of  mercury  sulfate  due  to  the 
merciiration  of  anthraquinone,  which  reaction  proceeds  concurrently  with  the  hydrolysis  reaction. 

3.  The  new  mercuric  chloride  adducts  of  a-anthraquinonediazonium  acid  sulfate  and  nitrate  were  prepared, 
which  adducts,  as  well  as  the  a-anthraquinonediazonium  chloride-mercuric  chloride  adduct,  are  smoothly  trans¬ 
formed.  using  the  method,  of  Nesmeyanov,  into  a-anthraquinonylmercury  chloride. 
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STUDY  OF  THE  HYDROCARBON  ISOLIMONENE 


G.  V.  Pigulevsky  and  I.  S.  Kozhina 


In  1900  L.  A.  Chugaev  [1]  obtained  in  the  dehydration  of  dihydiocarveol  via  the  xanthation  method  a  mix¬ 
ture  of  two  hydrocarbons;  limonene  (I)  and  a  new  terpene,  which  Chugaev  later  named  isolimonene  [2].  The  latter 
differed  from  limonene  in  that  it  had  a  lower  boiling  point  and  a  considerably  higher  specific  rotation.  In  addition, 
in  contrast  to  limonene,  isolimonene  failed  to  give  a  crystalline  tetrabromide  os  nitrotochlcaide.  In  1907  Chugaev 
[3]  obtained  the  optical  antipode  of  isolimonene. 


Proceeding  from  the  two  possible  directions  for  the  decomposition  of  the  methyl  ester  of  dihydrocarvylxanthic 
acid  (II), 


CH 

I 

C 

HjC'^CH, 

(II) 


CH, 

in 

/\ 

H,C  CH 

I  II 

H,C  ^CH 

V 


H,C  CH, 

(III) 


Chugaev  assigned  to  isolimonene  the  structure  A*’*t*^-p-methadiene  (III). 

In  1921  Henry  and  Paget  [4],  in  studying  the  hydrocarbon  fraction  of  chenopodium  oil  from  Chenopodium 
ambrosioides  var.  anthelminticum,  found  a  terpene  hydrocarbon,  which  gave  an  optically  inactive  tetrabromide 
with  m.p.  117*.  However,  the  hydrocarbon  was  not  isolated  by  them;  the  mixture,  serving  as  the  subject  of  the 
investigation,  failed  to  contain  more  than  10  -12  1o  of  the  hydrocarbon.  An  investigation  of  the  tetrabromide.  and 
also  of  the  oxidation  products  of  the  hydrocarbon  fraction  of  the  chenopodium  oil.  led  Henry  and  Paget  to  conclude 
that  the  hydrocarbon  is  A***(*)  -p-menthadiene. 

As  a  fesult,  two  hydrocarbcxis  with  entirely  different  chemical  properties  —  the  isolimonene  of  Chugaev  and 
the  terpene  from  chenopodium  oil  —  were  assigned  the  same  stmctural  formula  of  A*j*(*)  -p-menthadiene. 

It  should  be  mentioned  that  the  isolimonene  of  Chugaev  was  later  apparently  obtained  by  a  number  of 
investigators;  Merezhkovsky  [^],  Doeuvre[6],  and  Pigulevsky,  Kanetskaya  and  Platonova  [8],  However,  it  failed 
to  represent  an  individual  compound,  and  its  structure  had  not  been  proved  by  anyone;;  consequently,  it  appeared 
of  interest  to  repeat  the  synthesis  of  L.  A.  Chugaev,  Isolate  the  pure  isolimcxiene  from  the  mixture  of  hydrocarboiu, 
and  prove  its  stmcture. 

We  used  carvone  as  the  starting  material  for  the  synthesis  of  dihydrocarveol.  Dihydrocarveol  was  converted 
imo  the  methyl  ester  of  dihydrocarvylxanthic  acid,  which  was  then  subjected  to  pyrolysis  under  the  ctHiditions  des¬ 
cribed  by  Chugaev.  The  mixture  of  hydrocarbons  obtained  in  this  manner  was  paiiutakingly  purified  in  order  to 
remove  sulfur  compounds. 

The  separation  of  limonene  and  isolimonene  was  accomplished  by  repeated  .fractional  distillation.  The 
purity  of  the  obtained  isolimcxiene  was  ccntrolled  by  the  determination  of  the  specific  rotatitxi,  preparation  of  the 
crystalline  tetrabromide,  and  also  by  taking  the  Raman  spectra,  in  which  connection  the  method  of  taking  the 
Raman  spectra  proved  to  be  the  most  effective.  The  later  method  was  also  used  by  us  for  proving  the  structure  of 
isolimonene.  The  presence  in  the  isolimonene  spectrum  of  a  broad  line  with  frequency  A  v  1641  cm  completely 
agrees  with  the  structural  formula  of  a‘'*(*)  -p-menthadiene  (III)  assigned  to  this  hydrocarbon.  It  is  known  [9] 
that  the  frequency  values  fos  a  secondary -secondary  double  bond  in  a  six-membered  ring  and  a  primary -tertiary 
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double  bond  outside  the  rii^  lie  in  the  region  1641-1647  cm”^. 

The  position  of  the  doible  bonds  in  the  isolimonene  molecule  was  confirmed  by  us  by  the  oxidation  of  isolimo- 
ene  with  potassium  permanganate.  A  liquid  keto  diacid  having  the  composition  C9H14O5  was  isolated,  giving  a  semi- 
carbazone  with  m.p.  221  -222*.  The  formation  of  the  keto  diacid  becomes  comprehensible  if  isolimonen  is 
assigned  the  structure  ^•*(*)-p-menthadiene. 

The  treatment  of  isolimonene  with  hydrogen  bromide  and  hydrogen  chloride  gives  the  corresponding  dihydro- 
bromide  and  dibydrochlcaride.*  The  heating  of  isolimonene  hydrochloride  with  aniline  led  to  the  formation  of  a 
CjoHjj  hydrocarbon,  which,  similar  to  isolimonene^ failed  to  give  a  crystalline  tetrabromide.  However,  the  hydro¬ 
carbon  was  insufficiently  pure.  It  is  possible  that,  in  addition  to  limonene,  it  also  c(Xitained  A***(*)  -p-menthadiene 
as  impurity. 

The  oxidation  of  isolimonene  with  benzoyl  hydroperoxide  according  to  Ehiles^haev  [10]  gave  isolimonene  di¬ 
oxide  For  purposes  of  comparison  we  prepared  the  dioxide  of  the  1  -limonene  obtained  by  us,  together  with 

the  dioxide  of  the  isolimonene  that  was  obtained  by  the  decomposition  of  the  methyl  ester  of  dihydro  carvylxanthic 
acid.  It  was  established  that  the  isolimonene  is  oxidized  by  benzoyl  hydroperoxide  at  a  slower  rate  than  is  limonene. 

The  dioxide  of  isolimonene  was  subjected  to  hydration,  which,  as  it  was  revealed,  proceeded  with  considerably 
more  difficulty  than  did  the  hydration  of  limonene  dioxide.  The  hydration  product  of  isolimonene  dioxide  — isolimonene - 
tetrol  —  is  a  glasslike  substance  having  the  compositicKi  C|4Hi4(OH)4. 

An  extremely  sharp  difference  in  the  properties  of  isolimonene  and  limonene  is  observed  when  they  are  hydro¬ 
genated  in  the  presence  of  platinum  black.  Both  hydrocarbons  form  p-menthane  in  the  hydrogenation,  but  the  char¬ 
acter  of  the  hydrogenation  rate  curves  is  dissimilar.  It  is  known  [11,  12]  that  the  double  bcxids  in  limonene 
hydrogenate  at  a  different  rate.  It  was  established  by  us  that,  in  contrast  to  the  hydrogenation  curve  for  limonene,  the 
hydrogenation  curve  for  isolimonene  fails  to  possess  an  inflexion  (see  Fig),  .  Consequently,  both  of  the  double 
bonds  in  isolimonene  are  hydrogenated  simultaneously;  in  this  connection  the  hydrogenation  rate  remains  constant. 


EXPERIMENTAL 

Preparation  of  the  Mixture  of  Hydrocar¬ 
bons.  The  carvone  needed  for  the  synthesis  of 
dihydrocarveol  was  isolated  by  us  from  cumin 
oil.  Constants  of  carvone;  b.p.  101 -10?  at  11 
mm,  0.9601,  n*J-*  1.4955,  [  a]g® +  6Q.9“. 
Dihydrocarveol  was  synthesized  by  the  method  of 
Wallach  [13].  Its  constants  were:  b.p.  106-107* 
at  13  mm,  0.9260,  1.4793, [afj,  +30.03*. 


The  preparation  of  the  methyl  ester  of 
dihydrocarvylxanthic  acid  and  its  pyrolysis 
were  performed  by  the  method  oT  Chugaev  [3]. 

The  mixture  of  hydrocarbons  obtained  as  the  result  of  the  thermal  dcco  nposition  of  the  ester  was  freed  from  sulfur 
compounds  by  steam  distillation  and  subsequent  boilii^  with  metallic  sodiun'.  Inasmuch  as  this  purificaiiun  method, 
recommended  by  Chugaev,  fails  to  completely  free  the  hydrocarbons  of  traces  of  sulfur  coiupounds,  we  also  under¬ 
took  the  shaking  of  a  mixture  of  the  hydrocarbons  with  an  equal  weight  of  ineiallic  mercury  for  5  days.  After 
removal  of  the  mercury  and  filtration,  the  liquid  was  distilled  in  vacuo  over  metallic  sodium.  A  product  with  b.p. 
69-76*  (  at  33  mm)  was  obtained. 


Separation  of  Limonene  and  Isolimonene.  The  fractional  distiUation  of  the  mixture  of  hydrocarbons  through 
a  0.5  m  Vigreaux  column  permitted  the  isolation  of  two  main  fractions:  1st  fraction  with  b.p.  172-173.5*  (at  754 
mm)  and  2nd  fraction  with  b.p.  175-176*  (at  754  mm).  The  first  fraction  corresponded  to  isolimtmene,  the  second  to 
limonene. 

Further  fractional  separation  of  the  hydrocarbons  was  deme  in  vacuo  in  a  stream  of  CO^  through  a  column  with 
an  efficiency  of  22.5  theoretical  plates.  A  double  distillation  of  the  fraction  with  b.p.  175-176*  gave  1  -limonene,  the  ( 
constants  of  which  are  given  in  Table  1.  ’  ~ 

Found  C  87.90  ,  88.06;  H  11.96,  11.92. 
q,Hi4.  Calculated :  C  88.15;  H  11.88 


•  See  footnote  next  page. 


Repeated  distillation  through  the  column  of  the 
fraction  with  b.p,  172-173.5“  permitted  us  to  isolate  pure 
isoUmonene  (see  Table  1  for  constants). 

0.1236  g  sub.:  0.3989  g  CO^;  0,1323  g  H,0.  0.1109 
g  sub.:  0.3574  g  CC\;  0.1195  g  H,0,  1.0034  g  sub.: 

19,3580  g  benzene:  At  2.01“.  0.8474  g  sub.;  15.5448 
g  benzene  t  ^  2.07“,  Found C  88.01.  87,88;  H  11.98. 
12.06.  M  132.2,  134.9.  Calculated C  88.15. 

H  11.85,  M  136.23. 

Raman  Spectra.  The  spectra  were  obtalned'with 
the  aid  of  a  Zeiss  three-prism  spectograph.  The  linear 
dispersion  of  the  spectrof^raph  close  to  the  excitation 
line  (4358.3  A)  was  28  A ‘/mm.  A  GS-2  yellow  glass 
was  used  as  the  light  filter.  The  exposure  was  for  10 
hours  with  an  aperture  of  0.1  mm. 

Spectrum  of  Isolimonene;  584  (0.5  695  (1.5), 

725  (0.5),  772  (0.5),  827  (0.5).  884  (0.5),  938  (0.5).964 
(0.5).  1014  (0.5),  1072  (1.0),  1102  (1),  1149  (2).  1217  (2). 

1282  (3).  1329  (3),  1366  (2).  1390  (3).  1429  1454  (4), 

1641  (5). 

Spectrum  of  Limonene;  470  (0.5),  495  (0.5),  524 
(0.5),  544  (0.5),  639  (0.5),  703  (1).  760  (4).  795  (2).  888 
(2).  918  (1).  958  (0.5),  1019  (0.5),  1051  (0.5),  1083  (1.0), 

1112  (0.5).  1155  (2).  1206  (1).  1283  (0.5),  1308  (0.5), 

1370  (3),  1431  (4).  1457  (4).  1643  (5).  1676  (5). 

Attempts  to  Prepare  the  Crystalline  Tetrabromide  and 
NELtrosochloride  of  Isolimonene.  We  used  the  following  meth¬ 
ods  for  the  preparation  of  isolimonene  tetrabromide:  1)  the 
action  of  bromine  on  a  solution  of  isolimonene  in  ether -iso - 
amyl  alcohol  mixture  [14],  2)  the  action  of  bromine  on  iso¬ 
limonene  in  chloroform  solution  [4],  and  3)  the  action  of 
gaseous  bromine  on  isolimonene  in  glacial  ac6tlc  acid  solu¬ 
tion  [15]. 

In  all  cases  a  viscous  bright  yellow  liquid  was  obtisined. 
which  failed  to  crystallize  either  on  strong  cooling  or  on  pro¬ 
longed  standing  (4-6  months)  in  a  vacuum  desiccator.  Att¬ 
empts  to  obtain  a  crystalline  isolimonene  nitrosochloride  by 
the  action  of  ethyl  nitrite  on  a  solution  of  isolimonene  in 
glacial  acetic  acid  also  failed  to  give  positive  results. 

Oxidation  of  Isolimonene.  In  a  round-bottomed  flask 
was  placed  4  g  of  isolimonene  and  30  ml  of  water.  With 

^)  The  visual  evaluation  of  the  line  intensities  on  a  5 -mark  . 
scale  is  given  in  the  parentheses. 

*  The  crystalline  dipentene  dihydrobromide  obtained  by 
L.  A.  Chugaev  in  reacting  isolimonene  with  hydrogen  brom¬ 
ide  can  be  explained  by  the  heterogeneity  of  his  product,  con¬ 
taining  abcHit  30  ^  of  limonene  as  Impurity.  The  amount  of 
limonene  contained  in  Chugaev's  isolimonene  was  determined 
by  us  by  calculation  from  the  specific  rotation  values  obtained 
by  us  for  limonene  and  isolimonene  and  equating  it  to  the 
value  obtained  for  Chugaev's  isolimonene.  This  data  was  con¬ 
firmed  by  making  a  comparison  of  the  line  intensities  of  the 
double  bonds  in  the  Raman  spectrum  of  Chugaev’s  isolimonene. 


constant  stirring  and  cooling  of  the  flask  with  an  ice -salt  mixture  was  added  dropwise  a  aqueous  solution  of  potas¬ 
sium  permanganate.  On  the  following  day  the  liquid  was  filtered  from  MnC^.  and  the  precipitate  was  repeatedly 
washed  with  hot  water.  The  filtrate  together  with  wash  waters  was  saturated  with  CC^.  evaporated  in  vacuo  to  a  small 
volume,  acidified  with  sulfuric  acid,  and  repeatedly  extracted  with  ether.  The  residue  after  distilling  off  the  ether 
from  the  ether  solution  was  a  viscous  brown  liquid  (1.5  g).  From  it  was  prepared  the  silver  salt. 

0.1536  g  sub.:  0.0795  g  Ag.  0.2006  g  sub.:  0.1037  g  Ag.  Found  ^  :  Ag  51.76,  51.70.  CgHijOjAgj.  Calcula¬ 
ted  Ag  51.92, 

The  semicarbazone  of  the  keto  diacid  was  also  obtained  with  m.p.  220-221*. 

Isolimonene  Dihydrochloride.  A  solution  of  16  g  of  isolimonene  in  16  ml  of  glacial  acetic  acid  was  placed  in 
a  flask,  cooled  externally  with  an  ice-salt  mixture,  HCl  gas  was  passed  into  the  reaction  flask  for  3  hours.  Then  the 
flask  contents  were  poured  into  cold  water.  The  separated  heavy  oil  was  extracted  with  ether;  the  ether  solution  was 
washed  with  NagCQi  solution,  water,  and  then  dried.  After  removal  of  the  ether  there  was  obtained  a  bright  yellow 
oil,  which  could  not  be  made  to  crystallize.  Yield  20.8  g  (84.6‘^^>).  o^— 25.0*  (c  9.5;  alcohol). 

0.1735  g  sub.:  0.2397  g  AgCl.  0.1920  g  sub.:  0.2659  g  AgCl.  Found  :  Cl  34.18.  34.21.  CioH^e  •  2HC1.  Calcu¬ 
lated  ff.  Cl  33.92. 

Isolimonene  Dihydrobromide.  In  a  manner  analogous  to  the  previous  the  dihydrobromide  was  prepared  from  4  g 
of  isolimcMiene  and  25  ml  of  glacial  acetic  acid  solution  saturated  in  the  cold  with  hydrogen  bromide,  -11.6* 

(  c  8.6  ;  alcohol). 

0,1431  g  sub.:  0.1816  g  AgBr.  0.1397  g  sub.:  0.1768  g  AgBr,  Found  *’5^  :  Br  54.02,  53.82.  CjqHjj  •  2HBr.  Calcu¬ 
lated*^:  Br  53.64. 

Cleavage  of  HCl  from  isolimonene  dihydrochloride  [17].  In  a  round -bottomed  flask  was  placed  16  g  of  liquid 
dihydrochloride  C^o^ie  '  2HC1  and  40  g  of  freshly  distilled  aniline.  The  flask  contents  were  cautiously  heated  on  a 
sand  bath  at  the  boil  for  45  minutes.  Then  the  reaction  mixture  was  washed  with  dilute  oxalic  acid  solution,  steam 
distilled,  the  distillate  shaken  with  dilute  H1SO4.  thoroughly  washed  with  water,  and  again  steam  distilled.  This 
operation  was  repeated  twice.  The  obtained  product  was  distilled  in  vacuo  over  metallic  sodium;  on  doing  this  there 
was  isolated  a  fraction  with  b.p.  50-50.5*  (at  10  mm).  <4®  0.837,,r^  l,4739.[a]p  91.1*.  Similar  to  fsolimonene,  the 
fraction  failed  to  give  a  crystalline  tetrabromi  de. 

Isolimonene  Dioxide.  A  chloroform  solution  (375  ml)  of  benzoyl  hydroperoxide  (24.88  g),  cooled  to  -8",  was 
placed  in  a  flask  fitted  with  mechanical  stirrer.  To  the  reaction  mixture  was  added  dropwise  a  cold  solution  of  iso¬ 
limonene  in  chloroform  (9  g  of  isolimonene  in  12  ml  of  chloroform).  The  temperature  of  the  reaction  mixture  was 
kept  at  about  4-5*.  On  the  following  day  the  solution  was  washed  with  50®7o  NaOH  solution  and  then  water.  The 
residue  after  distilling  off  the  chloroform  was  fractionally  distilled  in  vacuo;  on  doing  this  a  fraction  with  b.p.  129- 
129.5“  (at  31  mm)  was  isolated.  Yield  8.2  g  (see  Table  for  the  constants). 

0.1602  g  sub.:  0,4183  g  CO^;  0.1388  g  H,0,  0.0933  g  sub.:  0.2433  g  CO^;  0.0805  g  H,0.  Found  :  C  71.20, 
71.11;  H  9.69,  9.65.  CioHigO^.  Calculated  ^o:  C  71.39;  H  9.59. 

l.-Limonene  Dioxide.  l_-Limonene  was  oxidized'  in  a  manner  analogous  to  the  oxidation  of  isolimonene.  There 
was  obtained  4.2  g  of  the  dioxide  with  b.p.  111-113*  (at  18  mm)  (see  Table  for  the  constants). 

Hydration  of  Isolimonene  Dioxide.  To  2  g  of  isolimonene  dioxide  was  added  150  ml  of  water,  acidified  with 
3  drops  of  concentrated  HJSO4,  The  reaction  mixture  was  heated  for  4  hours  at  45-50** ,  after  which  the  formed 
homogeneous  liquid  was  neutralized  with  CaCC^,  the  precipitate  filtered,  and  the  filtrate  evaporated  in  vacuo.  A 
viscid  colorless  substance  was  obtained,  which  quickly  coigealed  into  a  glassy  mass.  After  drying  for  6  weeks  in  a 
desiccator  over  CaCl]  the  substance  was  subjected  to  analysis. 

0.1479  g  sub.:  0.3172  g  Cq,;  0.1323  g  HjO.  0.1102  g  sub.:  0.2360  g  CO^;  0.0974  g  HjO.  Found  ^0 ;  C  58.49. 
58.40;  H  10.01.  9.89.  CioHi4(OH)4.  Calculated  :  C  58,78;  H  9.87,  * 

Isolimonene tetrol  is  readily  soluble  in  water  and  ether,  less  readily  soluble  in  pyridine,  and  insoluble  in  ethyl 
alcohol,  xylene  and  toluene;  optically  inactive. 

•  For  purposes  of  comparison  we  subjected  ^-limonene  dioxide  to  hydration.  The  hydration  proceeded  at  room 
temperature  and  was  accompanied  by  noticeable  heat  evolution.  Analysis  of  the  obtained  product  gave  the  formula 

CjoHi4(OH)4  . 
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Catalytic  Hydrogenation  of  Isolimonene.  Charge  :  0.6066  g  of  isdimonene,  15  ml  of  ethyl  alcohol,  0.06  g 
of  platinum  black.  Total  amount  of  absorbed  Hj*  210  ml  at  20*  and  753  mm  (calculated  216  ml).  Volume  of  1% 
absorbed  each  minute  (hydrogenation  rate):  10, 8, 10, 10, 10, 9, 10, 8, 10, 10, 10, 10, 8, 8, 10, 9, ‘9, 9, 8, 8, 7, 5, 4, 4, 3, 2, 1,0, 0,0, 

1,0, 0,0,1  (see  Figure). 

The  hydrogenation  product  of  isolimonene  after  removal  of  the  alcohol  was  subjected  to  distillation,  as  a  re¬ 
sult  of  whfch  was  obtained  a  fraction  with  b.p.  165-166*  (at  757  mm),  1.4434,  0*. 

Found  C  85.42,  85.38;  H  14.59,  14.72.  Ci,H,o-  Calculated  :  C  85.62;  H  14.38. 

The  ftacti(xi  gave  a  negative  test  with  bromine  water. 

Catalytic  Hydrogenation  of  j^-Limonene.  Charge:  0.6360  g  of  l_-limonene,  15  g  of  ethyl  alcohol,  0.06  g  of 
platinum  black.  Total  amount  of  absorbed  1%  was  230  ml  at  20*  and  753  mm  (calculated  227  ml).  Volume  of  1% 
absorbed  each  minute:  16,20,20,20,20,16,12,8,6,2.4,4,4,4,6,  6,6,  6,'  6,4.5.5,3,3.3.3.3,2.2,2.2,2,1,1.1.1,1, 0,0.1, 0,0, 
0,0,1, 0,0,0  (see  Figure). 

SUMMARY 

1.  By  the  dehydration  of  dihydrocarveol  using  the  method  of  L.  A.  Chugaev  was  obtained  and  characterized  the 
purest  grade  of  isolimonene.  It  was  established  th2  the  isolimonene  obtained  by  Chugaev  contains  about  30^  of  limon- 
ene  as  impurity. 

2.  The  Raman  spectrum  of  isolimonene  was  taken  for  the  first  time,  on  the  basis  of  which,  and  also  from  a 

study  of  the  products  obtained  in  the  oxidation  of  isolimonene  with  potassium  permanganate,  it  was  shown  that  iso¬ 
limonene  is  -p-menthadiene. 

3.  It  was  shown  that  the  hydrogenation  of  the  double  bonds  in  isolimonene  in  the  presence  of  platinum  black 
proceeds  simultaneously. 

4.  The  oxidation  of  isolimonene  with  benzoyl  hydroperoxide  gave  isolimonene  dioxide  Hydration 

of  isolimonene  dioxide  gives  the  tetrol  Cifl%f(OH)4‘’. 

5.  The  action-  of  HCl  and  HET  on  isolimonene  gave  liquid  dihydrochloride  C^gH^iCli  and  dihydrobromide 
Ci|HjgB%.  The  treatment  of  isolimonene  dihydrochloride  with  aniline  led  to  the  formation  of  impure  isolimonene 
(possibly  limonene  and  a’**  -p-menthadiene  are  present  as  impurities). 
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STUDIES  OF  ACONITE  ALKALOIDS 
IV.  INVESTIGATION  OF  THE  STRUCTURE  OF  THE  ALKALOID  ELATINE 

A.  D,  Kuzovkov 


M.  S,  Rabinovich  discovere<l  the  alkaloid,  elatine  C^HjpOnb^  in  the  plant,  Delphiniunr.  elatum  [1].  Saponifi. 
cation  of  elatine  with  an  alcohol  liase  produced  a  hitherto  unknown  alkamine,  elatidine  (C|(H4iC>7N)  and  a  nitrogen 
ous  acid  (CjjH^jO^N),  given  the  name  elatinic  acid.  It  has  been  demonstrated  that  this  is  an  N-acylated  anthranil 
acid,  but  that  was  as  far  as  the  study  of  elatinic  acid  was  carried. 


We  have  discovered,  by  further  study  of  elatine,  that  acid  hydrolysis  of  elatinic  acid  produces  not  only  anthra- 
nilic,  but  also  methyl -succinic  acid.  Thus  elatinic  acid  emerges  as  one  of  the  isomers  of  methylsuccinylanthranilic 
acid  (1  and  U): 


RR. 

X  11“ 

^  7r-  NHCOCHCHCOOH 


L  ! 


(I)  R,=H.  I^=CH, 

(II)  Ri=CH,.  H. 


k‘.  • 

which  is  further  confirmed  by  the  absence  of  melting  point  depression  when  elatinic  acid  is  mixed  with  methylsuc 
cinylanthranilic  acid  oltained  by  hydrolysis  of  the  alkaloid  methyllycaconitine. 


Investigation  of  the  structure  of  the  alkamine  elatidine  resulted  in  further  confirmation  of  A.  P.  Orekhov's  hy¬ 
pothesis  regarding  a  stmctural  relationship  among  the  various  aconitic  alkaloids:  a  90*^  yield  of  lycoctonine  was  ob¬ 
tained  upon  saponification  of  the  methylene  dihydroxy  group  of  elatidine  under  relatively  mild  ccxiditions  by  the 
Clowes -Tollens  method  [2],  Thus,  elatidine  differs  from  lycoctonine  by  having  one  methylene  dihydroxy  group,  the 
place  of  which  is  occupied,  in  the  lycoctinine  moleciie,  by  two  hydroxyls.  The  stmctural  similarity  of  lycoctinine 
and  elatidine  make  clear  the  unquestionably  close  relationship  between  elatidine  and  the  alkaloids  methyllycactmi- 
tine  [3],  debemine  [4],  avadkharldine  [5]  and  lycaconitine  [6],  Illustrated  in  the  table. 


Alkaloids 


Hydrolysb  Products 


Elatine  ^3sH|gO|0^^ 

Meth)l  lycaconitine  CsyHsqOiqI^ 
Lycaconitine  QcHaOio^ 
Debemine 

Avadkharldine 


Elatidine,  methybuccinylanthranilic  acid 
Lycoctinine, methylsuccinylanthranilic  acid 
Lycoctinine,succinylanthranllic  acid 
Lycoctinine,  methylsuccinylanthraniUc  acid 
and  ammonia 

Lycoctinine,succinylanthtanillc  acid  and 
ammonia 


The  liberation  of  ammonia  in 
debemine  hydrolysis  b  to  be  ex¬ 
plained,  as  demonstrated  by  Tunusotr 
and  Abubakirov,  by  the  fact  that  one 
of  the  carboxyls  of  methybuccinyl¬ 
anthranilic  acid  in  the  molecule  of 
thb  alkaloid  b  bonded  in  the  form 
of  an  amide  group.  The  stmcture  of 
debemine  is  expressed  by  formula 
(III)  (where  OR  is  the  remaining  ly¬ 
coctinine).  (IV)  presenb  the  struc¬ 
ture  of  avadkharldine. 


COOR 


6 


?l  % 


NHCOCHCHCONH, 


(III)  R^  or  R|  =  H;  R|orRi  =  CHs  (V)  OR  =  residual  elatidine 

(IV)  Ri  =  R,  =  H 


Adequate  experimental  data  b  lacking  as  yet  to  decide  how  the  elatine  molecule  b  built  from  residual 
elatidine  and  methybuccinylanthranilic  acid.  It  b  possible  only  to  advance  the  hypothesis  that  the  alkaloid  b  a 
derivative  of  an  N -substituted  imide  of  methybuccinic  acid  (V),  bearing  in  mind  that  the  alkamine  elatidine  con¬ 
tains  only  one  hydroxyl  •  group,  the  molecular  weight  of  the  alkaloid**,  and  ib  insolubility  in  bases. 

*  Found  %  OH  3.47.  Cj^H^OtN.  Calculated  OH  3.55. 

**  10  mg  substance;  93.2  mg  camphor;  At  6.0*;  M  715.  Calculated:  M  694. 

Authors  note  on  reading  proofs.  We  demtmstrated  the  presence  of  the  methybuccinylamide  group  in  elatine  and 
methyllycaconitine  by  reducing  the  alkaloids  with  LiAlH4. 
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EXPERIMENTAL 


Saponification  of  elatine.  30  g  elatine  (m.p.  223-225* *•.  but  241 -242®  in  vacuum)  was  dissolved  in  300  ml 
alcohol,  with  heating;  15  ml  30*^  NaOH  and  50  ml  water  wa®  added,  and  the  whole  boiled  for  30  minutes. 

The  alcohol  was  distilled  off  in  vacuum  until  the  residue  was  dry,  upon  which  500  ml  water  was  added  and  the 
precipitated  elatidine  (17.5  g)  filtered  off,  m.p.  164.5-166.5*  (in  vacuum  180.5-181.5®).  Ether  extraction  of  the 
mother  liquor  gave  another  2.4  g  elatidine^  m.p.  168.5-171.5*.  After  removal  of  the  elatidine,  the  aqueous 
mother  liquor  was  acidified  by  lO*"^  H2SO4  and  put  through  ether  extraction.  Upon  distillation  of  the  ether,  10.3  g 
•  crystalline  elatinic  acid  was  obtained,  which  melted  at  159-160*  after  crystallization  from  water;  no  depression 
was  observed  when  this  acid  was  mixed  with  methylsuccinylanthranilic  acid  obtained  by  methyllyc aconitine 
hydrolysis. 

SaptMiifi-cation  of  elatinic  acid.  3  g  elatinic  acid  was  dissolved  in  50  ml  hot  10*^  HCl  and  boiled  1.5  hours. 

The  solution  was  condensed  in  vacuum  until  dry.  The  residue  was  dissolved  in  water,  the  solution  neutralized  by 
caustic  soda  until  it  gave  a  weakly  acid  reaction  to  methyl  orange,  upon  which  1.5  g  crystalline  acid  was  precipita¬ 
ted  (A).  The  mother  liquor  was  acidified  with  hydrochloric  acid  until  a  strongly  acid  reaction  was  obtained  with 
Congo  paper,  and  it  was  evaporated  in  a  dish  till  dry.  The  residue  was  subjected  to  fourfold  extraction  with  75  ml 
boiling  benzene.  The  amalgamated  aqueous  extracts  were  washed  with  benzene  and  evaporated  till  dry.  The  residue 
was  subjected  to  fourfold ’extraction  with  7'"'  ml  boiling  ben  ene.  The ’amalgamated  aqueous  extracts  were  washed 
with  benzene  and  evaporated  till  dry.  The  residue  was  1.3  g  crystalline  acid  (B).  After  crystallization  from  water, 
acid  A  melted  at  147-149*  and  gave  no  depression  when  mixed  with  anthranilic  acid.  Acid  B  was  recrystalliced 
from  acidified  water,  dried  and  vacuum  distilled  at  100*  and  0  !04-0.06  mm,  after  which  it  melted  at  114-11^5*. 

Found  C  44.67,  45.58;  H  6.00,  5.96 
Calculated  :  C  45.4  H  6.06 

A  sample  mixed  with  methylsuccinic  acid  gave  no  depression. 

Saponification  of  the  methylenedioxy  group  by  elatidine.  10  g  elatidine  was  dissolved  in  100  ml  HCl 
(1 : 1)  5  g  phloroglucinol  in  400  ml  HCl  (1 : 1)  was  added  to  the  solution,  and  the  total  heated  2  hours  at  70  -80*. 
Depositing  of  an  orange  precipitate  was  observed  in  the  fijst  minutes  after  this  temperature  was  attained.  After 
*  heating  was  ended,  the  solution  was  allowed  to  stand  overnight  and  a  phloroglucide  was  filtered  off.  which  after 

I  careful  washing  on  the  filter  and  drying  at  105*  weighed  3.8  g,  indicating  that  it  contained  one  methylenedi- 

hydroxy  group  (found  ^  :  Cl%  3.9,  calculated  3.0).  After  separation  of  the  phloroglucide  (without  wash 
>*  water)  the  filtrate  was  vacuum  condensed  to  dryness,  the  residue  dissolved  in  water  and  alkalized  with  concentrated 
aqueous  ammonia;  the  precipitated  crystalline  base  was  washed  with  water  on  the  filter  and  dried  at  60®.  The  yield 
^  was  9  g.  Crystallization  from  70*5^  alcohol  gave  elongated  needles,  m.  p.  151.5-153.5*  (in  vacuum). 

0.0622  g  sub.  3.05  ml  absolute  alcoliol,  1=  0.5  dm*).,ciCp  +  0.52®[a]£j  +  51.0*. 

The  hydrochloride  was  obtained  in  the  usual  manner  and  recrystallized  from  a  mixture  of  alcohol  and  ether; 
upon  drying  at  100*  and  10  min  it  had  an  m.p.  of  161-162® 

0.0671  g  sub.  3  ml  water;  ,  1  =0.5  dm;  i.,ctj)  +  0.16®,  [a] p  +  14.2*. 

Found  “yo;  C  57.55,  57.61;  H  8.37,  8.57;  Cl  7.28,  H,0  2.2 

C^HiiOrN  •  HCl -2/311,0.  Calculated  C  58.1;  H  8.26;  Cl  6.89,  1%0  2.3 

This  base  gave  no  depression  of  melting  point  upon  mixing  with  the  base,  lycoctinine. 

SUMMARY 


The  structure  of  hydrolysis  products  of  the  alkaloid  elatine,  was  studied.  It  was  shown  that  elatinic  acid  is 
one  of  the  isomers  of  methylsuccinylanthranilic  acid.  The  alkatnine  elatidine  resembdes  lycoctonine,  differing 
from  the  latter  by  the  presence  of  a  methylene  dihydro<xy  group  instead  of  the  two  hydroxyl  groups. 
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